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15 I. FORMALITIES 

This Appeal Brief is submitted pursuant to the 

accompanying Notice of Appeal. 

This is a Special Case subject to an approved petition 
to make special. The real party in interest is the applicant 
20 inventor. There are no related appeals nor interferences which 
will directly affect nor be directly affected by nor have a 
bearing on the Board's decision in this appeal. 

Claims 1-22^ stand twice rejected. There are no claim 
amendments . 



25 A. Summary of Invention 
1 . Overview 

The invention relates to maintaining healthy hair and 
preventing abnormal hair loss, by using minoxidil or a 
testosterone blocker (e.gy, progesterone) together with a skin 
30 penetration enhancer, 
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2, The Art and Its Shortcomings 

Minoxidil in the systemic blood circulation is a 

potent anti-hypertensive cardiovascular drug. Minoxidil is also. 

used topically as an anti-alopecia agent (e.g., ROGAINE®) • It 
5 has been understood that topical use with a skin penetrating 

agent would load the drug into the systemic blood circulation. 

This risks precipitating cardiac side effects. Such risk is 

unacceptable for cosmetic use for hair loss. Thus, minoxidil 

for hair loss has never included penetration enhancer. 
10 Specification at 2-7; Knowles, Rule 132 Declaration. 

Progesterone is a birth control drug. Side effects 

include carcinogenicity, feminization, and impotency. 

Progesterone has been disclosed topically for hair loss. Such 

teaching, however, due to concerns over potential side effects, 
15 include a "blocking agent" and never include skin penetration 

enhancer. Id. at 7. 

The foregoing is expressly taught by the references 

and is undisputed by the Examiner. 

3. Dr. Knowles'' Counter- Intuitive 
20 solution 

Dr. Knowles has turned this conventional wisdom on its 

head. He has found that, contrary to the teachings of the art, 
penetration enhancer can safely be used with minoxidil or a 
testosterone blocker - if used properly. Specification at 8-9. 
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He tested his invention in rigorous, confidential clinical 

trials. His invention has been proven ten times more effective 

over prior art preparations, with qualitatively better results, 

with none of the adverse side effects feared in the prior art. 

5 Id. at 8, 12-14; Knowles, Rule 131 Declaration; Knowles, Rule 

132 Declaration. 

The claims are thus drawn to minoxidil or testosterone 

blocker combined with a specific amount of skin-penetration 

enhancer. Claim 1 reads: 

10 1. A composition of matter intended for topical use in 

preventing or treating alopecia, or maintaining 
healthy hair, said composition of matter comprising: 

a) an active compound selected from the group 
consisting of: a pharmaceutically or cosmetically 

15 effective topical amount of a testosterone 

blocker and minoxidil, and 

b) a penetration enhancer, said penetration enhancer 
present in a concentration sufficient to aid said 
active compound in penetrating the skin surface 

20 to a depth of approximately the depth of hair 

bulbs, 

4 . Conclusion 

The references of record lack essential claim 
25 limitations. The references fail to enable (in fact actively 
teach away from) the claimed invention. The Applicant has 
"sworn behind" a key reference. Furthermore, the rejections 
must be reversed because the examiner refuses to produce an 
affidavit of references. 
30 Thus, all pending rejections must be reversed. 
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B. Issues Presented 

Whether Applicant has sworn behind Hoke? 

Whether Hoke may be combined with Orentreich? 

Whether any reference includes the claim limitation, 
5 "penetration enhancer present in a concentration sufficient to 
aid said active compound in penetrating the skin surface to a 
depth of approximately the depth of hair bulbs"? 

Whether any reference enables one to practice the 
claim limitation, "penetration enhancer present in a 
10 concentration sufficient to aid said active compound in 
penetrating the skin surface to a depth of approximately the 
depth of hair bulbs"? 

C . References 

The Examiner relies on the following references: 

15 I. Hoke +_ Orentreich 

Orentreich, United States Letters Patent No. 

5,053,403, teaches the topical use for hair loss of progesterone 

combined with a "blocking agent." Orentreich says progesterone 

has systemic side effects so serious that it should not be used 

20 for hair loss. Id. at col.l lines 45-51 ("The serious side 

effects (such as decreased libido) produced by the systemic 

administration of antiandrogens precludes the systemic use of 

these drugs for the treatment of the above skin disorders. For 

example, progesterone is a highly active 5a reductase enzyme 
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inhibitor, but systematically disturbs the menstrual cycle in 
women") . 

Hoke, United States Letters Patent No. 5,994,319, 
similarly teaches progesterone' s adverse systemic effects, col. 4 
5 lines 18-23. Hoke teaches that minoxidil has "potent" 

cardiovascular side effects and doesn't work well for hair loss. 
Id. at col. 3 lines 4-14. Hoke advocates instead the use of his 
claimed antisense oligonucleotides (DNA) for hair loss. Id . 

2. Bazzano Mikulak 
10 Bazzano, United States Letters Patent No. 5,183,817, 

teaches using retinoids for hair loss. Bazzano says that 

minoxidil alone does not work. Bazzano says. 

Minoxidil is recognized as being somewhat effective in 
producing new vellus hair growth and sparse terminal 

15 hair growth in a pre-selected group of subjects. 

However, its effect is far from satisfactory in most 
subjects. * * * [MJinoxidil may not be able to sustain 
the growth of terminal hairs from vellus hairs on the 
scalp. In the majority of subjects with alopecia, 

20 terminal hair growth on the scalp may not be initiated 

or sustained by the topical application of minoxidil 
nor by its systemic administration. 

Id . at col. 3, line 53-56 and col. 4, lines 49-54. Bazzano 

25 teaches that systemic minoxidil presents serious cardiac side 

effect risks. Id. at col. 3 line 49-52; col. 43-45. 

Mikulak , an abstract of 50(2) J. Pharm. Pharmacol. 153 

(1998), discloses a new skin penetration agent (TPDS) . The 

abstract compares it to other methods of drug administration. 
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Mikulak compares (1) TPDS; (2) a 50:50 propylene glycol ("PEG") 
alcohol vehicle (the control) ; (3) a '^commonly used skin 
penetration enhancer"; and (4) oral administration ("We compared 
the TPDS with a 50:50 (vol. /vol.) mixt. of propylene glycol and 
5 ethanol, a commonly used penetration enhancer, and with oral 
administration.") . 

3. Rajadhyaksha 

Rajadhyaksha*, United States Letters Patent No. 

5,482,965, teaches improved skin penetration agents. 

10 Rajadhyaksha teaches that his compounds effectively deliver 
drugs into the systemic blood circulation. Id. at col. 2 line 
16-19. The compounds pass "through the skin and the systemic 
circulation" to the liver, and yield nontoxic metabolites. Id . 
Systemically active agents are used in amounts calculated to 

15 achieve and maintain therapeutic blood levels in a human or 
other animal." Id. at col. 3 line 53-60; col. 10 line 11-14. 
Rajadhyaksha teaches using his compounds for systemic drug 
delivery. Id. at col. 18 line 1-28. His compounds do in fact 
make drugs penetrate completely though the skin. Id. at col. 18 

20 line 55 to col. 19 line 12. 
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D. Separately-Patentable Claims 

The following groups of claims are separately 

patentable: 1, 2 and 3; 4, b, 6 and 7; 8, 9 and 10; 11; 12, 13 

and 14; 15, 16, 17 and 18; 19, 20 and 21; 22. 

II . ARGUMENT 

A. Hoke 

Claims 1-22 stand rejected as obvious over Hoke in 
view of Orentreich. Hoke cannot render the claims obvious, 
because (1) the Applicant has sworn behind Hoke, (2) the art 
provides no suggestion to combine (and in fact teaches to not 
combine) these two references, (3) the references lack a claim 
limitation, and (4) the claimed invention shows secondary 
indicia of non-obviousness. 

1 . Applicant Antedates Hoke 

A §103 rejection is overcome by swearing behind any 

one reference. MPEP §715.02 ^4. Here, Applicant has sworn 
behind Hoke. See Knowles, Rule 1.131 Declaration. The Examiner 
accepted this Declaration without objection. See Office Action 
at 4-5 (14 March 2001). Thus, the rejection must be withdrawn. 
MPEP §715.02 54. 

2. Hoke Teaches Away From Using 
Penetration Enhancer with 
Progesterone or Minoxidil 

Hoke teaches using nucleotides. Hoke says nucleotides 

are safe because they are "highly selective" genetic binders. 
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They thus do not pose the systemic side effect risk seen with 
minoxidil or progesterone. Orentreich teaches using 

progesterone together with "blocking agents." 

Hoke and Orentreich teach away from combining 
penetration enhancer with minoxidil or testosterone blocker. 
Hoke says minoxidil is "a potent anti-hypertensive" cardiac 
drug. Hoke says that systemic use of minoxidil can risk cardiac 
arrhythmias. Hoke at col. 5, line 4-6. Hoke thus teaches that 
minoxidil combined with a penetration enhancer may precipitate 
cardiac arrhythmias. Knowles, -Rule 132 Declaration at 1^3-7, 
14-17. Hoke also says minoxidil doesn't work. Hoke col. 3, line 
4-11 ("only 8% of patients reported a dense re-growth of scalp 
hair"). Thus, Hoke discourages using minoxidil at all, with or 
without penetration enhancer. Knowles, Rule 132 Declaration , 

Hoke teaches progesterone' s adverse side effects like 
"feminization or impotency." Hoke at col. 4, line 18-24. 
Orentreich similarly teaches serious systemic side effects such 
as decreased libido and "systemic [] disrupt [ing] the menstrual 
cycle in women." 

Orentreich concludes that cardiac arrhythmias, 
feminization and impotency are side effects generally not 
acceptable for treating hair loss. Orentreich says these side 
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effects preclude systemic use of these compounds for skin 
disorders. Orentreich at col.l, line 45-52. 

Hoke and Orentreich thus - teach that for hair loss, 
combining a penetration enhancer with minoxidil or progesterone 
5 is not worth the risk. They thus teach away from the claimed 
combination. Knowles, Rule 132 Declaration. 

Significantly, the Examiner does not dispute this. 

3. The Examiner ^ s Rationale 

The Examiner accepts the forgoing. What basis, then, 

10 does the Examiner offer to combine the references? The Examiner 
takes ''official notice" that progesterone and anti-sense 
nucleotides have "the same biological pathway" and "work via 
same mechanism." Office Action at 3 (5 Oct. 2000). This 
assertion is baldly incorrect."^ 

15 Anti-sense nucleotides bind to sense nucleotides 

(genes) coding for 5a reductase, slowing production of it. 
Knowles, Rule 132 Declaration. In contrast, progesterone 
competitively binds to the 5a reductase receptor. The two types 
of compounds thus use completely different biological pathways; 



^ And improper. The suggestion to combine cannot be based solely on an 
officially noticed fact. See Ex parte Grochowski , No. 95-1343 at 5 (B. P.A.I. 
June 27, 1995). In re Eynde , 178 USPQ 470, 474 (C.C.P.A. 1973) elaborated, 
"The facts concerning the state of the art are normally subject to the 
possibility of rational disagreement among reasonable men and are not 
amenable to the taking of [judicial] notice. If evidence of the knowledge 
possessed by those skilled in the art is to be properly considered, it must 
be timely injected into the proceedings." 
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one affects gene translation inside the cell, the other affects 
receptors outside the cell. Id. One affects 5a reductase, the 
other affects a cell receptor. This is why Hoke himself says 
these two classes of compounds are not "interchangeable" and why 
Hoke's own compounds are patentably distinct from progesterone. 
Id. 

Applicant asked for an affidavit of references to 
support the Examiner's incorrect assertion. The examiner 
refuses to respond. Because the Examiner refuses to respond, 
the rejection must be withdrawn. Ex parte Nouel , 158 USPQ 237, 
239 (B. P.A.I. 1967) ("when the examiner judicially notices or to 
show wherein such matter, and such is challenged, there is 
reversible error when the examiner fails to cite the well known 
thing on which he relies") 

4. The Cited Combination Lacks An 
Essential Claim Element 

The claims require "penetration enhancer present in a 

concentration sufficient to aid said active compound in 

penetrating the skin surface to a depth of approximately the 



In re Ahlert , 165 USPQ 418, 420 (C.C.P.A. 1970), explained some limits of 

otficxal notice, commenting, "Assertions of technical facts in areas of 

esoteric technology must always be supported by citation to some reference 
work recognized as standard in the pertinent art. ... Allegations concerning 

specific 'knowledge' of the prior art ... should also be supported. ... The facts 

so noticed serve to 'fill the gaps' ... and should not comprise the principle 
evidence upon which rejection is based." 
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depth of hair bulbs." Here, the references lack this 
limitation. The Examiner admits this. 

The Examiner, however, quips, "penetration enhancer ... 
is not considered critical." Office Action at 5 (Oct. 24, 
2000) . The Examiner is not at liberty to simply ignore a claim 
limitation shown by the Specification and the Inventor's Rule 
132 Declaration to be essential. Anticipation requires all 
limitations exist in the prior art. E.g., Akzo N.V. v. U.S. 
Intern. Trade Common. , 808 F.2d 1471 (Fed.Cir. 1986), cert, 
denied, 482 U.S. 909. 

The Examiner alternatively takes official notice 
combining penetrant and minoxidil "is common practice which has 
been utilized by the skilled artisan in the state of the art." 
Office Action at 5 (Oct. 24, 2000). Taking official notice that 
the claimed invention is known in the art is improper. In re 
Pardo & Landau , 214 USPQ 673, 677 (C.C.P.A. 1982) (official 
notice of level of skill in the art is reversible error) ; In re 
Spormann , 150 USPQ 449-, 452 (C.C.P.A. 1966) (Board's official 
notice of ''inherent" teachings of art is reversible error) ; 37 
CFR §1.104 (d)(2) (official notice "must be supported, when 
called for by the applicant, by an affidavit from the 
examiner") . Applicant thus asked for an affidavit of references 
showing such combinations in common practice and utilized by the 
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skilled artisan . Predictably, examiner refuses to respond. 
Thus, the rejection must be withdrawn. Nouel, supra. 

5. The claimed invention shows 
seconda ry considerations of non- 
5 obviousness 

The claimed invention shows many indicia of non- 
obviousness. The claimed combination solves a long felt need 
for a solution to a hairy, difficult problem. Dr. Knowles 
succeeded where others failed. Dr. Knowles' results .were 
10 unexpectedly superior, showing ten times the effectiveness of 
topical minoxidil, with qualitatively better results. Knowles, 
Rule 132 Declaration. The Examiner accepted this secondary 
evidence without dispute. Thus, the invention should not be 
found obvious. 

15 B . Bazzano 

Claims 1-4, 8-10, 12-5 and 19-21 stand rejected as 

anticipated by Bazzano. Bazzano, however, fails to teach every 

limitation of the claims, and fails to enable practicing the 

claimed invention . 

20 1. Bazzano Lacks Claim Limitations 

for All Disputed Claims 

Bazzano does not teach skin penetrant. The Examiner 

admitted this, but quiped that this limitation "is not 

considered to be critical." Office Action at 5 (Oct. 24, 2000). 

25 The Examiner cannot simply ignore this claim limitation. 
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Because Bazzano does not disclose it, Bazzano cannot anticipate. 
E.g., Akzo , supra. 

Bazzano teaches minoxidil in a propylene glycol 
("PEG") -ethanol vehicle.^ This is not controversial; long before 
5 Bazzano, PEG-ethanol has been used as a cosmetically inert 
cosmetic vehicle, for ROGAINE® brand topical minoxidil and a 
variety of other cosmetics.^ Pre-mixed PEG-ethanol is widely 
available commercially as an inert carrier vehicle (e.g.. The 
Neutrogena Company' s VEHICLE/N'^" carrier vehicles discussed in 
10 the Specification) . 

The Examiner, however, now says PEG-ethanol is "a 
commonly used penetration enhancer." Office Action at 3-4. 
It is not. The Examiner's own references say so. 

Bazzano, at claim 24, calls PEG-ethanol an inert 
15 "vehicle." Knowles, Supplemental Declaration. Likewise, 
Mikulak teaches PEG-ethanol is an (ostensibly inert) vehicle 
used as the experimental control (Mikulak discloses a comparison 
of (1) TPDS; (2) 50:50 PEG-ethanol; (3) a "'commonly used [albeit 
unidentified] skin penetration enhancer"; and (4) oral 
20 administration) . Id. 



^ See Bazzano at Example I. The Examiner also says Example II teaches PEG- 
ethanol. Office Action at 3 (March 14, 2001). It does not. 

^ The Food & Drug Administration monograph on sunscreens treats PEG 5% as an 
inert vehicle. See 21 C.F.R. 352.70. 
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Further, assuming Mikulak's 50:50 PEG-ethanol aids 
skin penetration, Bazzano doesn't use it. Bazzano uses not a 
50:50 mix, but a range which encompasses commercially-available 
ROGAINE®. Id. Minoxidil in a PEG-ethanol vehicle (e.g., 
ROGAINE®) is only one tenth as effective as the claimed 
compounds, and cannot produce the qualitatively superior results 
of the claimed compounds. See Specification; Knowles, Rule 132 
Declaration. This is undisputed. 

Further, even assuming Bazzano' s PEG-ethanol mix has 
skin penetration activity. Example I cannot anticipate as a 
matter of law. This is because claim terms are interpreted in 
light of the specification. Here, the Specification defines 
''penetration enhancers" (pg. 9-11) and ''carrier vehicles" (pg. 

17- 20). PEG and ethanol, "alone or in combination," id. at 17, 

18- 19, are defined as "carrier vehicle," not "penetration 
enhancer." In other words, the claim term "penetration 
enhancer" was defined to exclude PEG-ethanol, as already known 
in the art in ROGAINE®. Thus, as a matter of law, Bazzano' s 
PEG-ethanol cannot anticipate the claim term "penetration 
enhancer . " 

2. Bazzano Does not Enable The 
Claimed Invention 

To anticipate, Bazzano must enable one of skill in the 

art to practice the claimed invention. Biogen Inc. v. Amgen 



^ Roy KNOWLES, M.D., "Hair Loss Prevention" 

S.N. 09/619,142, Group 1614 



Inc. , F.3d , (D.Mass. 1999). Here, Claim 1 requires 

"penetration enhancer present in a concentration sufficient to 
aid said active compound in penetrating the skin surface to a 
depth of approximately the depth of hair bulbs." It is 
5 undisputed that Bazzano does not enable this. 

Further, it is undisputed that Bazzano actively 
teaches away from the claimed invention. Bazzano says that 
without added retinoid, minoxidil just does not work . Supra at 
§I.C.2; Knowles, Rule 132 Declaration at 511. 
10 Because Bazzano lacks a claim limitation, and because 

it is undisputed that Bazzano does not enable (and in fact 
actively teaches away from) the claimed invention, the rejection 
must be withdrawn. 

C . Raj adhyaksha 

15 Claims 1-4, 8-10, 12 and 14 stand rejected as 

anticipated by Raj adhyaksha . Rajadhyaksha cannot anticipate the 
claims, because Rajadhyaksha lacks several claim limitations, 
and does not enable the claimed invention. 

1 . Rajadhyaksha 

20 Rajadhyaksha teaches skin penetration agents. 

Rajadhyaksha teaches they deliver drugs into the systemic 
circulation. The reference teaches delivering drugs completely 
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through the skin into the systemic bloodstream. _Id. at Example 

32, Knowles, Supplemental Declaration. The reference says: 

Typically systemically active agents which may be 
delivered transdermally are therapeutic agents which 
5 are sufficiently potent such that they can be 

delivered through the skin or other membranes to the 
bloodstream in sufficient quantities to produce the 
desired therapeutic effect. In general this includes 
agents in all of the major therapeutic areas including 
10 ... cardiovascular preparations including calcium 

channel blockers, beta-blockers, antiarryhthmics, 
antihypertensives , diuretics, vasodilators including 
general, coronary, peripheral and cerebral. 

15 Id. at col, 7 line 40-57. 

The reference cannot anticipate the claimed invention, 

because the reference lacks various claim limitations and fails 

to enable the claimed invention. 

2, Raj adhyaksha Lacks Essential Claim 
20 Limitations 

Rajadhyaksha lacks various claim limitations. Claim 1 

is limited to: 

b) a penetration enhancer, said penetration enhancer 
present in a concentration sufficient to aid said 
25 active compound in penetrating the skin surface 

to a depth of approximately the depth of hair 
bulbs. 

Rajadhyaksha does not teach delivering drugs ''to the depth of 
30 the hair bulbs." To the contrary, Rajadhyaksha teaches 
delivering drugs completely through the skin, into the systemic 
bloodstream. Id. at Example 32. Rajadhyaksha teaches 

delivering drugs to the systemic blood stream using a 5% 
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concentration of 5-Amino-5-ethyl-2- (3-heptyl) -1, 3-dioxane 

("A5A") . Id. at Examples 28-30. Rajadhyaksha teaches 

delivering minoxidil to the blood stream using 5% 5A5. _Id. at 
col. 15 line 26. Perhaps because he feared the dangerous cardiac 
side effects, Rajadhyaksha avoided using this example -it is 
just a prophetic example. Because Rajadhyaksha lacks the claim 
limitation, Rajadhyaksha cannot anticipate claims 1, 3, 12, and 
14. 

Similarly, claim 2 requires "intended for topical use 
in preventing or treating alopecia," and delivering testosterone 
blocker "to the depth of the hair bulbs." Rajadhyaksha teaches 
Example 29, a systemic birth control patch for delivering 
progesterone to the systemic blood stream. Knowles, 
Supplemental Declaration, It is uncontested that the patch is 
not used in "alopecia or maintaining healthy hair," nor does it 
appear to deliver testosterone blocker "to a depth of 
approximately the depth of hair bulbs." Because it is 
uncontested that Example 29 lacks these limitations, it cannot 
anticipate claim 2. 

Claims 4 and 8-10 require minoxidil and testosterone 
blocker. It is uncontested that the reference does not disclose 
this combination. The Examiner, however, appears to misread 
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these claims to require "either minoxidil or progesterone.'' 
Office Action at 2, line 20 (27 March 2001) . 

3. The Reference Fails to Enable the 
Claimed Invention 

For hair loss, the art of record teaches away from 

combining penetration enhancers with minoxidil or testosterone 

blocker, due to adverse systemic side effects. This is 

undisputed. The Examiner, however, notes that the combination - 

if made- would benefit by using an improved penetration agent. 

Office Action at 2, lines 18-22 (14 March 2001). While this 

assertion may be correct, it is inapposite. The reference does 

not enable the claimed invention. Knowles, Supplemental 

Declaration. 

III. SUMMARY 

The art of record completely lacks certain claim 
limitations. It is undisputed that the art of record does not 
enable the claimed invention. Further, Applicant has ''sworn 
behind" a key reference and the Examiner has refused to produce 
an affidavit of references. Thus, the pending rejections must 
be withdrawn . 

Please find enclosed (i) a Notice of Appeal; (ii) an 
Appendix of references relied on; (iii) two additional copies of 
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this Appeal Brief; (iv) the Supplemental Declaration; and (v) 
the required fee. 
Respectfully submitted, 

5 




10 

PoHL & Associate LLP, 

Pharmaceutical Patent Attorneys 
55 Madison Avenue, 4th floor (P 4014) 
Morristown, NJ 07960 USA 
15 Direct: licensinglaw@juno.com 
® +1 (973) 665-0275 



X:\pohlm\Knowles\AppeaLdoc 

20 



19 



Roy KNOWLES, M.D., "Hair Loss Prevention" 
S.N. 09/619,142, Group 1614 



IV. CLAIMS ON APPEAL 

1. A composition of matter intended for topical use in 
preventing or treating alopecia, or maintaining healthy 

5 hair, said composition , of matter comprising: 

a) an active compound selected from the group 

consisting of: a pharmaceutically or cosmetically 
effective topical amount of a testosterone blocker 
and minoxidil, and 
10 b) a penetration enhancer, said penetration enhancer 

present in a concentration sufficient to aid said 
active compound in penetrating the skin surface to a 
depth of approximately the depth of hair bulbs. 

2. The composition of claim 1, wherein said active compound 
15 comprises a testosterone blocker. 

3. The composition of claim 1, wherein said active compound 
comprises minoxidil. 

4. The composition of claim 3, further comprising a 
testosterone blocker . 

20 5. The composition of claim 4, wherein the ratio of 

penetration enhancer to testosterone blocker to minoxidil 
in the composition is approximately 5 drops : 0.5 grams : 1 
gram. 

20 
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6. The composition of claim 4, wherein said penetration 
enhancer is trimethyl acetate and wherein said testosterone 
blocker is progesterone. 

7. The composition of claim 5, wherein said testosterone 

5 blocker is present in a concentration of 0.5 grams per 4 

ounces of finished liquid. 

8. The composition of claim 4, labeled for topical cosmetic 
use in maintaining normal, healthy hair. 

9. The composition of claim 4, labeled for topical 

10 pharmaceutical use in preventing or treating a disease. 

10. The composition of claim 9, wherein said disease comprises 
alopecia . 

11. The composition of claim 4, further comprising a sunscreen 
in an amount effective to screen radiation. 
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.2. A for preventing or treating alopecia, or maintaining 
healthy hair, said method comprising: 

a) Topically administering an active compound selected 
from the group consisting of: a pharmaceutically or 
cosmetically effective topical amount of a 
testosterone blocker and minoxidil, together with 

b) a penetration enhancer, said penetration enhancer 
present in a concentration sufficient to aid said 
active compound in penetrating the skin surface to a 
depth of approximately the depth of hair bulbs. 

3. The method of claim 12, wherein said active compound 
comprises a testosterone blocker. 

4. The method of claim 12, wherein said active compound 
comprises minoxidil. 

5. The method of claim 14, wherein said active compound 
further comprises a testosterone blocker. 

6. The method of claim 15, wherein the ratio of penetration 
enhancer to testosterone blocker to minoxidil in the 
composition is approximately 5 drops : 0.5 grams : 1 gram. 

7. The method of claim 15, wherein said penetration enhancer 
is trimethyl acetate and wherein said testosterone blocker 
is progesterone. 
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18. The method of claim 16, wherein said testosterone blocker 
is present in a concentration of 0.5 grams per 4 ounces of 
finished liquid. 

19. The method of claim 15, labeled for topical cosmetic use 
5 in maintaining normal, healthy hair. 

20. The method of claim 15, labeled for topical pharmaceutical 
use in preventing or treating a disease. 

21. The method of claim 20, wherein said disease comprises 
alopecia . 

10 22. The method of claim 15, further comprising a sunscreen in 

an amount effective to screen radiation. 



23 



Roy KNOWLES, M.D., "Hair Loss Prevention" 
S.N. 09/619,142, Group 1614 



REFERENCES CITED 



24 



United States |pitent (i9] 

Hoke, Jr. 



(54] COMBINATION THERAPY FOR 
ANDROGENIC ALOPECIA WITH 
ANTISENSE OLIGONUCLEOTIDES AND 
MINOXIDIL 

[75] Inventor: Glenn D. Hoke, Jr.. Mount Airy, Md. 
(73] Assignee: Dyad Pharmaceutical Coq)oration 

(21] AppL No.: 08/837,190 
(22] Filed: Apr. 14, 1997 

Related U.S. Application Data 

(6(1] ProvLsional application No. 60/015,488, Apr. 15, 1996. 

Int.CI.^ A61K 48/00 

[52] U.S. CI 514/44; 435/6; 514/2; 

436/501 

[58] Field of Search 435/6; 436/501; 

514/44; 536/22.1, 23.5, 24.5, 24.3-24.33; 

935/77, 7.S 

1 56) References Cited 

U.S. PATENT DOCUMENTS 

5.-122,262 f)/HJ95 Andcrsson ct at -435/240.1 

OTHER PUBLICATIONS 

Drmanac cl al. (1990) DNA and Cell Biology, vol. 9, No. 7, 
pp. 527-534. 

Young cl al. (1991) Nucleic Acids Res., vol, 19, No. 9, pp. 
2463-2470. 



. ^...^ jh.b.^k .„ .ta„. ..Id MM iiiii iiiii mil mil mil imy m nm m, 

US005994319A 

[11] Paten^mber: 5,994,319 
[45] Date of Patent: Nov. 30, 1999 



Jacobs ei al. (1988) Nucleic Acids Res., vol. 16, No. 10, pp 
4637-4650. 

Stein el al. (1993) Science, vol. 261. pp. 1004-1012. 
New England Biolabs Catalog (1986/87) [Published by New 
England Biolabs, Beverly, MA, USA], pp. 60-62. 
"Finasteride Merck & Co submitted for approval", R&D 
Focus Drug News. Apr. 7, 1997. 

"Merck & Co's Propecia Shows Promise in Hair Loss" 
Marketletler. Mar. 31, 1997. 

Primary Examiner^-Aidin H. Marschel 
Attorney, Agent, or Fimi^M&x StuI Oppenheimer 

(57] ABSTRACT 

Minoxidil has been shown to stimulaie hair growth or inhibit 
/the loss orhaifin a numTjcr of "patients beginning to develop 
androgenic a lopecia. The mechanism by which mino xidil 
(2. 4-pyrimg i neaiaMnU: 6-( 1 -pipcridin vl)0-oxidcT ~JITU?r^ 
the hair growth cycle is uncertain, but is thought to act by 
mcrea.sing va.scular circ-ulation to the hair follicle. Inhibitors 
ot steroid mclaboli.sni, particularly tho.sc that inhibit the 
conversion of testosterone to dihydroie.stostcronc, have 
shown effecus on hair cycles, including inhibition o{ hair 
lo.ss. One cla.ss of enzymes targeted by ihe.sc inhibitors arc 
the steroid 5.alpha reductases. Minoxidil u.sed in conjunc- 
tion with effectors of steroid metaboli.sm^, Ic^drtrroTh-^HK-d 
hair growth and decrea.sed rates of hair Ios.s. This specili- 
calion relates to the u.sc of anti.sen.sc oligonucleotides tar- 
get ing^^ajghajvc^^ u.sed in conjunction with other hair' 
growiti^haacers and/orliair k^s inhibiioi:i.^-'"" 

6 Claim.s 4 Drawing Sheets 



Elevated DHT levels cause conversion of anagen hair to telogen hair in andorgenic alopeci; 



HAIR APENDAGE 
in TELOGEN PHASE 



HAIR APENDAGE 
in ANAGEN PHASE 
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Fig 4 tnMblUon of 5 vIphaHTfiductase type 2 by 
antisansd oUgonucleotldfi ID No .14 
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3? iV97 "Me'S°i?^'??'"^^"''.r ^'1"''^"^"" t?"- g°'"'d'.otide (Watson/Crick ba.se pairing of U,e two strands 

31 1997. Merck & Co s Propeca Shows Promise m Hair of nude.c acid). Tiis resul.s in multiple points of contact 

•n, c J -. ''"^"'"heantisense oligonucleotide and the mRNAtargel, 

Itie hood and Dmg Admmistration has approved the use which mcreases the specificity for hybridization to the 

of a 2% solution ofminoxidil as a topical treatment for male 5 correct sequence. 

pattern baldness, -miough a twice daily application, only 8% Evidence for down regulation of protein synthesis bv 

lTiol3%r:^:J:T. °' "^iSn'T ^n"" ^as been S doo^ Sed 

.inn^i expencnced a moderate regrowth. An addi- v.tro (for reviews see van der Krol, A R et al BioTec" 

Uonal 33% expenencmg little or no regrowth or the growth niqucs 6- 958-976 1988- MiiHoPn 7 , i xa a r-l 

of veUus hair ody and the remaining patients experienced lo 36:192^1937 1993 In vivJ^S e '"^^^^^ "'v'^"^- 

no change in their rate of hair reg«,wth TTie mechanism by nucleolus hiedeLtZd .^ Tn eti ^ T', I f." 

which minoxidil sumula.es hair growth is unknown' ^n^jL^^U^Z^^lZ^^^^^ 

Minoxidil IS not ihoughl lo aflfect ha r growth or loss by dislribuiion of fi.ll ipno.h i.k mice results in 

llie use of a combmauon treatment for androgenic alope- elicit an antisense effect by binding lo the correct mRNA 

cia has been suggested for increasing the effectiveness of and. thus, be suitable for a therapeutic (Miller P. S and Ts'o 

minoxidil u.scd alone. For example, the combination of P. O. R Anticancer Drug Design > 117-128' 19871 " 

minoxidil treatment with finasteride, a 5-alpha reductase More soecificAllv ,nr,c.nc. 1" . 

inhibi,or.demoas.ia.edthat.incombination.thesetwodn.gs 5-aYph^eS"s hVet^^^ 

increa.sed the rate of hair regrowth when compared .o either ^" tive ly redut Ts^^^ "l' 

drug admini-stered alone (Diani. A. R. et al 1 99^ J Clin The^'nh!^,' ^ "< ^-^Ipha reducia.sc types I or 2. 

Endocrinol. Metabol. 74: 345-350). sTnl ^ Tk"' T'^'^ P"""'' ^'^^^^ ^''='^""*=- 

A„, . ,• , , , exhibit any of the side effecLs produced bv ihc 

AnlLsen.sc oligiHlcoxynucleotides or nbozymes have been anli-androgens (i.e.. feminization or impoicncv) 

successfully employed to decrease mRNA translation (van . 

der Krol. et. al., 1988; Cohen, 1991; Calabretta, 1991; SUMMARY OF IT-IE INVENTION 

Calabretta. et. al.. 1991; Sai.son-Behmoraras, et. al., 1991). ii ,„ ohien nf ih. , . 

Once the oligonucleotides are taken up by the cells they can reduce hair bis ' " 

elicit an anlLsen.se effect by binding to the correct sequences it ,c , \- ^ ■ 

on the target mRNA. Tlie concept behind antisense therapy f„r r«lori h' " ' 'nvention lo provide a process 
Ls based on the assumption that antisense oligonucleotides ^" 

are taken up by cells and interact with a specific mRNA Ine.se and other objects arc achieved by providing a 

resulting in the formation of a stable heteroduplex. The Vfocessfor treatment of androgenic alopecia through inhi- 

interaction of Ihe antisen.se oligonucleotide with its target , °" expression of human steroid 5a-reducta.se type 

mRNA Ls highly specific and is determined by the sequence '■Specifically, this invention relates to the u.sc of 

of bases complemcnury to the antisen.se oligonucleotide as o'lgonucleotides. or other chemical compositions thai inler- 

determined by Watson/Crick ba.se pairing. * sequence specific manner to either the steroid 

The development and progression of androgenic alopecia 5»-'educta.se type I gene, pre-mRNA or mRNA .so as to 

Ls a-ssociated with Ihe local accumulation of DHT The tran.script,on or translation of the enzyme u.scd in 

enzyme steroid 5a-n:ducta.se type 1 is expre.ssed in the inner "'7""'.'"'" ""'h "'her agents that reduce the rate of hair 

epithelial sheath of the hair follicle (Wolfgang. E et al growth. Clinically, .such 

1 994). ThLs enzvme functions to catalyze the conversion of ^"^ oligonucleotides could be administered alone or in 

testostswHe-to^Uhvdro^^ tomoination with other agents thai decrease steroid 

ilHSibition ofsteioid5a-reducta.se type 1 expression, alone or „!lv ^''■""I?' 'h^se having other 

in combination with other agents that decreass.steroid P. ''^.^"^fif '"e treatment of androgenic alopecia (i.e.. 

5a-reducta.sea<3i%dl3rn.e. Propecia©)) or through the inhi-'"' T"." i.'i. "''''^ anii.sense oligonucleotides to 

-bitTOtnTTTRT^^^re^or oThef steroid 5a-reducla.se genes 1 «P;«^f' '^"^"'id 5a-reductase type 1 . offers 

would be an cffectK-e means for treating androgenic alope- u ^ ?' ''e^'eloping highly specific and efficacious 

cia. It Ls po.ssibIe to tower the intracellular concentration of "f^K'"! T , ^''J'""-""''-' "realment of di.seases characler- 

5a-reduclase by reducing the expression of 5a-reducta.sc 7 Pr^tJu^tion of DHT Thu.s. through the 

Thus, it would be pos.sible lo inhibit the conversion rate of "I" f""*"'« inhibitors ot 5-alpha reducta.se expression, 

testosterone to DHT via 5a-rcductase wouici be possible to provide an increa.sed benefit lo 

Antisen.se oligonucleotides u.sed for'lherapeutic purposes cr"*"' ""'"^ '"'^ '""^ ='"''«'Senic alope- 

were first proposed in 1978 by M. L Stephenson and R C. i_ r , ... 

Zamecnik (PNAS 75: 28(>-284). The concept behind anti- - * P'^*."^" embodiment ot the invemion. therapeuti- 

sense therapy relies on Ihe abiUty of antLsease oligonucle- ^"«^"^'e amounts ol oligonucleotides can be admin- 

otides to be taken up by cells and form a .stable heteroduplex Z t • " * ^^"""^ '^e ti.s.sue- 

with the target mRNA. thereby down regulating the targeted " Pe""*- "raascription ol the human steroid 5a-reducta.se type 

protein's synthesis. i ^"l, '^P^ 'he translation of the steroid 

It has been demo'nstra.ed in a number of systems by a ao suSS 'rTducii^ ih ["'^'^^.•'■^"-"P'- 

number of invesligatorsUuitohgonucleotides containing an (S ta Jhe natLt wh^ev '^'hydrotes.osterone 

antisense sequence targeting a portion of a particular mRNA bv .hriof i ? character- 

are capable of hybtSLg To L mRNA and inhibithgr ^Zu^JT2ZZT"''°" f1 .".'"'i' 

translation of the transcript. Sh.Vh V k ""^ finasteride (a 5-alpha 

Tu • . f • ■ . . reductase which blocks the convers on of testosterone to 

TJemterartwnof^tantisenseohgonucleot^^ " «l*y^««iosterone) miniaturizes scalp hair foldeTres^^ 

rnRNA is highly speafic, as hybndizaUon js determined by ing in the reversal of the balding process. (Market Ue Ma 

the sequence of bases complementary to the antisense oli- 31. 1997. "Merck & Co's Propecia ShoJs Promise n HaS 
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o''"°nKr"A '^'^^ 5*-reduclase type 1 Antisensc oligonucleotides that are intended for use as 

or 2 mRNA transcripts. In addition to the sequences drugs must achieve safficient concentraUons in order to 

descrrt^ed above, other sequences conlained within the decrease the exprcssbnof a target protein in a manner that 

5a-reduclase transcnpts are targeted- This strategy has been provides therapeutic benefit. The oligonucleotides contem- 

adopted because, as yet, there is no method currently avail- 5 plated in this invention are constructed or otherwise 

able that can predict, with precision, sequences that will modified, so as to increase their siabfliiy by enhancinn 

become effective therapeutics. Morcovei; this invention fur. resistance to various degradative enzymes (e g nucleases) 

Ihcr contemplates antiscnse oligonucleotides made comple- Such modifications will function to permit the concentration 

mentary to any portion of the steroid 5a-rcductasc genes and of the oligonucleotide therapeutic to be maintained at a level 
which are capable of cross-linking DNA,mtercalatingDNA jq that is sufficient so as to realize therapeutic benefit but 

or binding more tightly by mechanisms such as, for cannot substantiaDy after the specificity of the oligonucle- 

example, triple stranding. Furthermore, Ibe invention con- target scjquence. Modifications that improve 

templates that any oligonucleotide capaWe of substantially oligonucleotide slabilily or efficacy include but are not 

inhibiting the expression of steroid 5a-rednctase type 1 or 2 limited to modifications to the phosphate backbone, termini, 

can be used. f^gar moieties and the individual nucleic acid bases. Con- 

Oligonucleolides of varying lengths have been success- J^g^lions to peptides, proteins, carbohydrates, lipids, vita- 

fully used to inhibit gene expression. For example, in U.S °^ ^^^P^^^^ conjugation that increases therapeutic 

Pat. No. 4,806.463 oligonucleotides ranging in size from 12 ."^^ "*'^^^* ^'^^ ^"V modifications 

bases to 26 bases were shown to be incorporated by cells and !Miornf".hl ir ^"""^^^f^*"'^^"^^^^ including circular- 

tobecapabIeofinhibitingtheexpre..sionafatargetmRNA. S s^^^^^^ ^^^^^ '"^q"^"". fnd 
In r^r^^r f«r .k ^ * u J ' II 1 j " ^^"ano joining of ifac 3 to ihc 5 ' tcrmmi through cova c ttt 
In order for the described anlisense ohgonucleotides to bonds or hybridization and triple stranded binding to mRNA 
function therapeutically, the ohgonucleotides or modified can also be made. Any modifications that reduce nuclease 
oligonucleotides must be taken up by the cell that expresses sensitivity while substantially maintaining the affinity and 
the target gene. pre-mRNA, or mRNA. The oligonucleotides substrate specifically and s()lubiliiv exhibited bv unmtKliiiecl 
of the present invention are construaed so as to insure that 25 oligonucleotides arc within the scope of the invention, 
the oligonucleotide will pass through the plasma membrane Several chemically modified oligonucleotides have been 
and achieve an intracellular concentralionlh at is sufficient to developed which substantially block or improve resistance 
decrease the expression of steroid 5a -reductases. Oligo- to nuclease activity, fhe.sc oligonucleotide modifications 
nucleotides that are constructed to bind to the steroid include phosphorothioaie oligonucleotides wherein one of 
5a-reducta.se type 1 or 2 genes are further modified, if 30 P^^^^^^Pf^^^^ oxygens Ls replaced by sulfur. Another type of 
necessary, to enable them to pass ihnwigh the nuclear ["^^'fi^^^'on «f oligonucleotides is accomplished by rcplac- 
membrane in levels that are sufficient to reduce transcrip- charged phosphate oxygen with a methyl group or 
tion. Recent attempts at enhancing the cellular uptake of ^^y^ fi^o^P- These nonionic DNA analogs include, for 
antisense oligonucleotides have employed a wide variety of example, rnethyl phas^honales, alkyl-pho.sphoroihioate.s, 
techniques including the use ofIipoproteins,(de Schmidt', et. 3^ ^" lu Tu^ Ph»sphotriesiers. A preferred 
al.. 1991). and a wide variety of conjugates, such as poly- ' hma k ^'"'^^^ 0-melhylpho!^hoiriesier. Other 
L-Iysine and cholesterol (Goodchild, 1990). Conjugation of backbone modifications at the phosphate group 
cholesterol to the 5' end of an oligonucleotide has been Ister oli.nLrS P^^^^^^^^/^^^i^f^*^' phospholri- 
reported to result in a molecule that exhibited reduced serum nucle^SsI™^^^^^^^^ oligonucleotide; ba.sed on protein- 
clearance due to reduction in renal excretion, compared to 40 1^^^^^^^ 

that observed with control oligo deoxynodeotides (ODNs) 5 -Smin and The^ l^^^ ' w k ""'"'K'^' 

(de Schmidt, et. al., 1991). A.s a re.sult, the conjugation o improTs^^^^^^^^^ 

chc^esterol u> ODNs may allow an increase in tie^livery SS^SiJ^^^ ^i^^i^^ S 

of drug to hyer cells via the LDL transport mechanism. molecule, or enhance uptake of the oligo nuKdes by 

Liposomes containing anttsense oligonucleotides can also 45 cells. Moreover, chemical modifications to the 3' or .S' 

be targeted to specific cell types by the addition of cell- termini or modifications internal to the oligonucleotide can 

specific antibodies (Leonetli, et. al., 1990). These and other also be introduced as reporter molecules for example, to 

methods of achieving and maintaining adequate intracellular allow tracking of the oligonucleotide or as lipophilic moi- 

concentrations of the oligonucleotides are contemplated by eiies to enhance cell uptake. Such molecules can be intro- 

this invention and include other methods and compositions 50 duced to both unmodified and backbone modified .synthetic 

that have the capacity to enhance cellular tiptake or decrease oligonucleotides. These moieties can be introduced for 

the efflux of internalized oligonucIeolidcsL Such modifica- example, through ihii» or amino linkages lo terminal 

tions should not alter the specificity of djc oligonucleotide hydroxyl or phosphate i^roups or lo specific ba.scs 

for its target sequence. Other modifications io the oligonucleotides contemplated 

llie oligonucleotides of ihLsmvention comprise predeter- 55 in this invention include for example. DNA intercalators 

mined sequences of DNA ranging in size firom about 3 bases photochemically aciixited cross-linking or cleaving agents' 

up to about 100 bases, which Ls sufficient 10 define a unique alkylating agenLs and redox active nucleic acid cleaving 

sequence in one of the human steroid 5a-reductase target groups. 

transcripts. Uss than 10 bases may be nsed. however the In vivo and in vitro studies of the degradation of chemi- 

degree of sequence specificity for the mRNA transcripts that 60 cally modified oligonucleotides have clearlv illu.strated that 

encode human steroid 5a-reductascs decreases rapidly with modifications to the phosphate backbone; termini suuar 

decreasing lengths of the oUgonucleotides. On the other moiety and individual nucleic acids improve oligonudeotide 

hand, oligonucleotide sequences greater than about 100 efficacy or stability or both (Goodchild 1990) Moreover 

bases may be subject to decreased uptake by cells. It is acute toxicity studies in mice have demonstrated that some* 

preferable that the ohgonucleoudcs oompnse about 12 to 26 65 modified oligomcis ait tolerated at about the same concen- 

bases. In a most preferred embodiment a 15 to 25.mer trations without undesirable side efifecls as unmodified oli- 

ohgonucleotide is used. gomers. 
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of 0.001 to 10.0 mM. In the transient transfcclion assay, the Following removal of the media for extraction the cells 

oligonuclcoudes are either co-lransfecled with ihc steroid are washed with phosphate buffered saline (PES pH 7 4^ 

Sa-reduclase cDNA or added to the mediuiD al a concentra- and then harvested bv eirnn<;itrp m . fr««c;« Vr^-rA i 

tioD of 0.001 to 10.0 mM following transfeclion. Cells are (o tr^nsin 0 ^65^M !^P'^";f 

plated in multi-well tissue culture plttes.-niesizeof the well 5 and cemr ^t"' 

used for a particular assay is determined by the level of ' dSanteS^^ 

steroid 5a.reductase expressed by a given cell Une. 211^^1"^^^^^ resuspended m PBS. An aliquot of the 

The substrate is prepared by dis^lving unlabeled test- fCouUeT^ f Counter Model ZM 

osterone (Sigma Chemical Co.' St. Louis, Mo.) in absolute 5^ ' L S^^^^^ ^ ' 

elhanol foUowed by the addition of either [T-^H (N)]- . f*='"^°i°g are sonicated and the protein determined 

testosterone (233 Ci/mmole) or [^^C]-teslosterone (50 mCi/ '° !f^°^^">g method of Bradford (Bradford. 1976). 

mmol) (New England Nuclear, Boston, Mass.). The solvent Corrections are made for procedural losses, and the data 

is evaporated under a stream of nitrogen and the steroids expressed as percent inhibition based on steroid concentra- 

reconslituted in an appropriate medium. ^ ^^^^^ of picomolcs per mg protein or picomoles/10^ 

The medium in the sample wells is aspirated and replaced 

with fresh medium containing the radiolabeled substrate. An Example 3 

additional three wells containing medium and subsU^ate but 1 • ut 

no cells is also included in order to account for the non- „ P^^**'^^ analyze the proteins of treated and control 
enzymatic metabolism of the substrate. The plates are denaturing polyacrylamide gel electro- 
returned to the incubator and incubated for an appropriate Phoresis followed by the transfer of resolved proteins to a 
incubation period that is again dependent on the level of '"^"'^^ support (Western transfer), such as nitrocellulose, or 
steroid 5a-reductase expre.'y^ed by the cell line. other filter supper. Filter bloLs are blocked with non-.spccilic 
At the end of the incubation period the medium is proteins and then analyzed using a primary antibody that 
collected and transferred to an extraction tube containing 5 rt^cognizes either 5-a reductase type 1 or 2. Following the 
mlof toluene-ethanol(9:l), to which has been added 40-250 primary antibody, the blots arc then reacted with a second 
mg each of unlabeled carrier steroids (csu-iol, estradiol, 25 ^^t^^o^y that binds to the first antibody and has incorporated 
estrone, 5a-androstan-3a.l 7b-diol. 5a-androstan-3b,17b- with in the second antibody a reporter moiety (i.e., 
diol. 4-androstene-3.l7-dione, 5a-androsian-3,I7-dione, radioactivity, enzyme linked, or other easily delectable 
testosterone, and 5a-dihydrotestosterone (Steraloids. Inc. reporter group). Following treatment with 'the second 
Wilton, N.H.). Depending upon the method u.sed to delect antibody, the blot Is analyzed for the amount of 5-a reductase 
the radiolabeled steroids the extraction solvent may or may 30 present in a given amount of cellular protein Thus it is 
not contain 1,000 and 10,000 dpm of [4.^"'C]. possible to actually quantitaic the amount of 5-a reductase 
dihydrolestosierone (steroid 50-60 mCi/mmol) and [4-''*C]- being expressed in cells. 

testosterone (50 mCi/mmol) (New England Nuclear Boston, Chinese hamster ovary cells iransfected with the human 

Mass.); respectively. In assay.s that employ [7.^H (N)]- 5aR.I gene (CHO 1827) or the human 5.aR.II gene (CIIO 
testosterone as a substrate, the [>*»C]-sleroidsare included as 35 1829) are plated at 8x106 cells per well in 6 well dishes in 

recovery standards to quantify procedural lasses. A small DMEM/FI2(1:1) and 57c Fetal Bovine Serum (FBS) Cells 

amount of NaCl is also added to the extraction tubes to are dosed with ODN's (containing 5 ug/ml Lipofeciin™ 

prevent foaming The samples are vorlexed for approxi- Life Technologies, Inc. Gaithersburg, Md.) in serum-freJ 

mately 30 seconds and then centrifuged for 10 minutes at Opti-MEM for 3 hr at 37'* C. and then returned to .serum- 
500x g. The organic phase is collected and the solvent 40 containing media. Dosing is carried out for three consecu- 

evaporated^ The steroids are then reconstituted in tive days due to the long half-life of the 5aR proteins Cells 

dichloromethane-methanol (9:1) and analyzed by thin layer are harvested by detachment in PBS with 5 mM EDTA 

chromatography pelleted, and lysed in a NP4()-RIPA buffer. Cellular proteins 

The extracted samples are applied to silica gel 60F.5^, (5 ug) are then separated hv SDS-PAGE on a 127^- acryla- 
0.25 mm thick, thin layer chromatography plates (EM 45 mide gel before transferring onto a PVDF membrane The 

Science, Cincinnati, Ohio). The plates are developed in a amount of the 5-aR.I or the 5aR-n proteins and actin arc 

solvent system consisting of chloroform-ethyl acetate (3:1, then delected by direct visualization u.sing ECL-Westcrn 

Mallinckrodi Inc. Paris, Ky.). The plates are allowed to (Amershara. Arlington Heights, III) and antibodies specilic 

developed until the solvent front migrates to within 2.0 cm for the proteins. Actin is included as an internal a)ntroI and 

of the top of the plate. After removal from the tanks the 50 all results are presented as the ratio of 5aR signal relative to 

plates are air dried. The plates are then viewed under 254 nm the actin signal. Quantitation is performed using a scanning 

UV hght and the visible spots marked. The plates are then densitometer and values are compared to controls FIG 3 

sprayed with primulin (0.0(H7o in acclonc-water (4:1) shows the inhibition of 5-aR tvpe I using anli.sense olico- 

accordmg to the method of Wright (Moore and Wilson, nucleotide Seq. ID No. 5 relative to controls that are 

1975) which allows the identification of additional steroids 55 untreated, those receiving lipofectin, or a scrambled control 

under 365 nm UV light. The spots are scraped from the plate oligonucleotide. FIG. 4 shows the inhibition of 5-aR type II 

usmg a glass wool plugged Pasteur pipette alUched to a using antisense oligonucleotide Seq, ID No. 14 relative to 

vacuum line. The steroids are eluted directly into scintilla- controls that are untreated, tho.se receiving lipofectin, or a 

lion vials by the addition of 0.2 ml of dichloromethane scrambled control oligonucleotide 

followed by two washes of 2.0 ml of methanol. TTie organic 60 While a specific embodiment of the invention has been 
solvent IS evaporated, and 10.0 ml of scintiUalion fluid shown and described in detail to illustrate the application of 
(Ready Organic, Beckman Instriimenls. Inc. Fullerton the principles of the invention, it will be understood that the 
Cahf.) are added. Samples are analyzed by liquid scintilla- invention may be embodied otherwise without dcpartinii 
Uon spectrometry. In assays that employ ["C>testosterone from such principles and that various modifications alter- 
as the substrate, steroid metabolism is analyzed directly 65 nate constructions, and equivalents will occur lo' those 
usmg the Phosphorlmager irnaging system (Molecular skilled in the art given the benefit of thus disclosure Thus 
Dynamics. Inc., San Jose. Calif.). the invention is not limited to the specific embodiment' 
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-continued 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
TCGCCGTTCC CATCGCCAGG G 



(2) IHFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(iv) ANTI-SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
CCCCGTCGCC GTTGCCATCG C 



(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(iv) ANTI-SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
GGCGCTCCTC CGCCACCCCC G 



(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(iv) ANTI-SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 
GACAGACCAG CTGGCCAGGG C 



(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(iv) ANTI-SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
GCGCCATTGG AAAGCTTCAA G 



(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(iv) ANTI-SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 




GCGTATTTAG GTACTTATTA G 
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-continued 

{B| TYPE: Nucleic Acid 
(C) STRANDEDNESS: Single 
(O) TOPOLOGY: Linear 

(iv) ANTI-SENSE: Yes 

(xi) SEQOEKCE DESCRIPTION: SEQ ID NO: 15: 
CTGCATCGCG CCCTCTTCCT C 



(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(iv) ANTI-SENSE; Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 
GGCACTGAAC CTGCATCGCG C 



(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(iv) ANTI-SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 
AGGATCCCCG CGGGCACCGC G 



(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 
<D) TOPOLOGY: Linear 

(iv) ANTI-SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 
TGGGTCTTTG TGGCTTCAGA G 



(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(iv) ANTI-SENSE: Yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 
GCCACATGTA CTTGGATTGC C 



(2) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 
<0) TOPOLOGY: Linear 




(iv) AHTI-SENSE: Yes 
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[54] METHODS FOR TREATMENT OF 
MALE-PATTERN BALDI4ESS 

; ]if.^riyi:i::,-<^- . P5\ . Inventors: Nonnu Oreatrekk, 140 £ 72, New 

Richmond HOIN.Y. ' 



• r; ; Related VS. Anikation Dit> . 

[60] . Cofitinuitkm of Ser. No. 79.e»^ Jul 30, 1987, abuh 
.V • > : ckned, wUcii k a dividon of Ser. Na t46,m. Mar. 27. 

1986, PftL Na 4,684,635, wfaicfa b • eondnttadon of ^ 
■ : ^ Ser. Na 609,152, May a 1984, ■baadoneJ. • 
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[52] ujs. a ^, su/iTCt jw/ni; 
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514/178, 181 
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X 4,684,635 8/1987 Orenticidi et al {^i..-!-.:--, 514/170 

'.v.-j OniERPUBUCATl6NS/'\.^^^^^^ 

Aron-Bninetieie-**Aspects of EodocrinologicAl Treat- 
ment^HairReieardi (1981)911. 312-317.^ ^^^^ : 
Matias, J. R., Malloy, V.- ft Orentrdch, N., **Anima] 



/■*:t^fe^f^ Awgnce; ;;;NonBaa Oientitfc^ Nw yor^ _N. ; 

[21] :;' AppL Ite:; ;i38,W9,^-^ 
■^1221 ■; Fflcd: ^> Not. 



Models of Androgen-Dependent Disonien of the Pflc^ 
sebaceoM Apparatus," Ardu DermatoL /let, 281: 
247-53 (1989X 

' Nielsen,. P/ Ow rTreatment <tf Moderate Idiopathic 
"X: Hirsadsm wiOi^ 

Antiandrogen), Dermatologiea, 165, pp. 636-639 (1982). 
Rentodlt J, R^^Management ofthe Htnute Woman***' 
/art / DengL, 22, pp, 265-72 (1983). , 

; Primary Eimtiimr-^LeoDMxd Schenbnan 

■i Amm^ Agau, or/Emt— Panitch Sdiwarze Jacobs Sc 

. : NaW^-->^^,;..^^^^ 

Synergfeic con^iositions for inhibidng the action of 
: androgcds ooinprise ifieobmbinatioo in a siQgle topical 
preparation of a 5tt«feducta«e enzyme inhibitor and an 
androgen reoq>tor btodung aWL IB I j^h^nnflorutir ally 
and <iennatolagicaUy acceptable vSbde. The composi- 
dons inay be tOfrfcaUy applied to affected arc^ 
skm in the treatment or prevention of sebaceous gland 
hypertrophy, Ubrsudsm and baldness in 

^. m a mm a ls The hifatbitor and blocUng agent are present 
hi theoompbi^ of about 1:20 to 5:1, 

with the hdiibitor comprising up to about 0. 1 % w/v of 
the comopritibn mid the blocking agent comprising up 
to about 1% Wv of the composhiotto^^ : 

9 GlahBS, No Drawioei 
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tors and blocking agents at certain concentration^; an l 
METHODS FOR TREATMENT OF ratios act synergisticallyto produce a marked inhibition 

MALE-PATTERN BALDNESS of the efTccu of the endogenous androgens on the skin. 

The steroid combinations may be delivered through the 
This is a continuation of Ser. No. 07/079,609, 5 skin by means of various topical vehkles. 

07/30/87 abandoned which is a division, of application r^^* „ 

Sen No. 846,498, now U.& Pat Na 4,684,635, filed . ^^^B^P^^S^^^^ ™E 

Mar. 27, 1986, which is a continoatkm of application PREFERRED EMBODIMENT 

Sen No. 609,152, filed May 11, 1984 abandoned. There are a nuzhber of steroids, steroid precursors 

FIELD OF THE INVENTION derivatives whidi are known to be effective as 

FI£LD OF THE INVENTION Sa^rcductase inhibitois and which may be used in the 

The present invention relates to compositions and compositions or t&e present invention. Th^e include 
methods for inhibiting the action of androgens. More j{ ^prog(estcrg ifi,J7)3<arboxylic acid derivatives of testos- 
particularly, the invention is directed to synergistic terone, ^desoxycortioosterone, desoxycdrticostcrone 
combinations pfa5a*reductase enzyme inhibitor and an 15 acetate. 19-nor-testosterone, 4-pregnen*2G!0-ol-3-one 
androgen receptor blocking agent for topical applica- and 17a-hydroxyptouestcrone. Of these, pro^erone 
tions. to the skin in the treatment and prevention of is preferred since it is|he rpnst aetivi. inhi'>yi |y^r and has 
sebaceous gland hypertrophy, hirsutism and male^pat- _been shown to be toiMcally effective by itselL 
tern baldness. \ ' both stcrotdai ano non-steroidal androgen recept or 

BACKGROUND OF THE INVENTION ^ tt"!^^^^^ inhibitors) may be used in 

the synergistic compositions of the present invention. 
The development of acne, hirsutism and male^pattem Representative examples of steroidal blocking agentt 
baldness is dependent upon the presence of androgens, mclude spironolactone, cyproterone acetate, trimethyl- 
particularly testosterone and dihydrotestosterone trienolone (available from Roussel Uclaf under the des- 
(DHT). Testosterone is secreted into the blood stream 25 ignation RU 2956), canrenone and canrenoic acid. Ex- 
by the adrenals and gonads and entmlhe jceils of the amples of suitable non-steroidal blocking agents include 
sebaceous glands or hair follidesJIteL steroid bi nds flutamide (a,a/t-trifluoro-2-methyl*4'-nitn>-m-pro- 
specifically thi* .r>>rftif^*«y wMch converts pionotoludide) and hydroxy-flutamide (a,a,a-trifluoio- 

testosterone to iu most active metaboli te DHT. DHT 2-methyl-4'.nitro-m-lactoluidide), both available from 
binds to specinc receptor pioteim in the cell cvtoplflm^^ 30 Sobering Corp., and RU 23908 (5,SKiimethyI-344.nitro- 
and this steroW-protein complex is translocated to the 3(trifluoromethyl)phenylJ.2,4-imidazolidinedione) and 
nniMrmnf thr r^H whrrr nTTT bnonmrT bound to the RU 22930 (5,6H!ihydro.2-methyl-4.[4-nitro-3Ktri- 
nucicar receptor protcb. Nugl^r hgn<Kn ff is follow ed fluoromethyl)phenyII^.l A4<)xadio2in-3<4H)-onc. 
by the synthesis of specific classes of proteins, eventu- available from Roussel Uclaf 

aUy leading to hypertrichosis (hiisntismX alopecia 35 Generally, the ratios of 5a-itductase inhibitor to 
(male-pattern ba]dn<»s) or sebftceoiagtand hypertrophy androgen receptor blocking agent which have been 
(manifested as acne or other skm inflammations). found to be effective m the compositions of the present 

The inhibition of tertnttymn^ ^^ft|pi>rtfftn to HHT hy invention range between about 1:20 and 5:1. Ratios of 
tf« ^g-redytase enzyme anH th^ inhihtttftn nf hht about 1:1 to 2:1 are preferred. 

binding to the receptor protein are accepted therapeutic 40 It has also been found that the svnem irir tfTn is iif 
modamiel A Ulimb^f Of compouiidt, calie a antiandro- t hft cOittbittatlOflS 61 the presen t invention are most pro> 
gens, have'~Bten developed which can intenere with nounced at relatively low concentrations of the 5ct- 
ciiher lestosterone metabo lism or Phi omaing lo me reductase inhibitor and androgen receptor blocker. In 
^^^^OT, particular, optimal concentrations for the 5a-reductase 

The serious side effects (such is decreased libido) 45 inhibitors appear to range fi-ora about 0.005% to 0 1% 
produced by the systemic administration of antiandro- weight/volume of the total composition, while optimal 
gens preclude the systemic use of these drugs for the concentrations for the androgen receptor blockers ap- 
treatment of the above skin disoiders. For example, pear to range from about 0.01% to 0 5% weiffht- 
progesterone is a highly active 5o-reductase enzyme /volume of the total composition. Concentrations 
mhibitor, but systemically disturbs die menstrual cycle 50 below about 0.005 5a-miuctase inhibitor and about 0 01 
m women, since it must be used on a regular basis in androgen receptor btbcker give very little antiandro- 
order to be effective. Many stucfies have shown that genie response. Concentrations above about 0 1% 5a. 
mdividual antiandrogens can be used topically to inhibit reductase inhibitor and about 0.5% androgen receptor 
the action of androgens. However, apjrficants arc not blocker are not only unnecessarily wasteful, expensive 
aware of any prior studies on the e&ctiveness of com- 55 and liable to produce adverse side effects, but were also 
bining 5a-reductase inhibitors with androgen receptor found to have very fittie synergistic effect above that 
blocking agents in a topical preparation. obtained by applying either the 5a-reductase inhibitor 

BRIEF SUMMARY OF THE INVENHON """if u.^il'°^r° t^"*"^- 

. . J. ^ ^ . ^. . , " °cen found according to tiie present invention 
It has been discovered that certam combuxattons of a 60 that when a Sa-reductase inhibitor is appUed together 

.5a-reductase enzyme inhibitor and an androgei^ re(sg- with an androgen receptor blocker as a single topical 

torblocan^apent have a synergistic effect in the inhibi- preparation, the ranking inhibition of androgens was 

Uon of the action of androgens paniculariy in die treat- greater than tiie sum total of the effects produced inde- 

ment and prevention of sebaceous ^d hypertrophy, pendently by the 5a^uctase inhibitor and the andro- 

hirsutism and male-pattern baklness. The compositions 65 gen receptor blocker. 

of die invention are applied topically to affected areas These cffecte win now be demonstrated and de- 

of the skin of humans and other mammals in therapeuti- scribed in more detafl witii reference to die following 

cally effective amounts. These combinations of inhibi- specific, non-limiting examples. The hamster ear seha- 
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ccous gland was $c::. ted as a test model because of die 
similaiiQes in morphology to human sebaceous glands 
and in all turnover time. It is well accepted in the medi- 
cal literature that antiandrogens which work to tnfairit 
sebaceous glands by topical means should also work to 
inhibit the androgenic efiects in the hair follicle. Thns, 
the mechanism of androgenic control is simDar for sdb^ 
ccous gland hypertrophy, hirsutism and androgcflk 
alopecia. 

EXAMPLE NOS. 1-12 

A series of experiments were carried out using 5 or 6 
animals for each data point. The various concentratioos 
of 5a-ieductase inhibitor or androgen receptor blocker 



10 



is considered an insignificant inhibii.-or. -i a.ic; 
cfTects on sebaceous glands. 

The data in Table I demonstrate that each combina- 
tion of 5a-reductase inhibitor and androgen receptor 
blocker produces a synergistic effect as compared to the 
effects of 5a-reductase inhibitor and androgen receptor 
blocker alone. That is, the sum of the individual inhibi- 
tory activities (100 minus androgenic activity) of the 
Sa-reductasc inhibitor and androgen receptor blocker is 
considerably less than the inhibitory activity of the 
combined composition of 5a-reductase inhibitor and 
androgen receptor blocker. Such reductions in andro- 
gen activity correlate very well to inhibition of aciie, 
hirsutism and male-pattern baldness. 



TABLE I 

THE SYNERGISTIC EFFECTS OF VARIOUS COMBINATIONS OF Si-REDUCTASE 
AND ANDROCTN RECEPTOR INHIBmORS 



EFFECT OF 5a.REDUCTASE 
INHIBITOR ALONE 



5a.REDUCTASE 


CONCEN. 


%OF 


TRATION 


CONTROL 


INHmrOR 


(% w/v) 


GLAND SIZE 


PROGESTERONE 




92 


PROC^STERONE 


a to 


77 


PROGESTERONE 


0.05 


92 


PROGESTERONE 


aolo 


too 


PROGESTERONE 


aoos 


too 


PROGESTERONE 


0.05 


92 


PROGESTERONE 


aozs 


100 


PROGESTERONE 


aoio 


100 


PROGESTERONE 


0.005 


100 


PRO(^STERONE 


ao5 


92 


PROGESTERONE 


ao5 


92 


PROGESTERONE 


ao5 


92 



C PAWNED 

*tOF 
COiviHOL 
GLAND SIZE 



%0F 
CONTROL 
GLAND SIZE 



EFFECT OF ANDROGEN RECEPTOR 
BLOCKER ALQNF 



CONCEN- 
TRATION 
(% w/v) 



ANDROGEN RECEPTOR 
INHIBITOR 



57 
& 

a 

n 

75 
S2 
14 
IS 
tt 

<6 



85 


0.5 


92 


at 


92 


ai 


92 


0.1 


92 


ai 


86 


ao5 


86 


ao5 


92 


ao5 


100 


0.010 


81 


0-05 


93 


aos 


94 


ao5 



SPIRONOLACTONE 
SPIRONOLACTONE 
SPIRONOLACTONE 
SPIRONOLACTONE 
SPIRONOLACTONE 
SPIRONOLACTONE 
SPIRONOLACTONE 
SPIRONOLACTONE 
SPIRONOLACTONE 
FLUTAMIDE 

TRIMETHVLTRIENOLONE 
CYPROTERONE ACETATE 



or both as shown in Table I where each dissolved m 
acetone and 25 /il of each solution was applied unilater- 35 
ally on the right ventral ear skin of adult male Syrian 
hamstcn two times a day, five days per week for a tot^ 
duration of four weeks. Control animals received topi- 
cal applications of acetone alone. At the end of the 
experinnt, the androgen*sensitive ear skin sebaceous 40 
glands of the hamsters were analyzed according to tte 
method of Matias and Orentriech, Journal of Investtga- 
iive Dermatology, 81:43 (1983), with minor modifica- 
tions. In brief, the ventral ear skin was manually sepa- 
rated &om the cartilage and stained for three hours with 45 
0.1% Sudan Black in propylene glycol. After rinsing 
overnight with 85% propylene glycol, a defined area 
(medial zone; 5-8 mm from the apex of the ear) was 
biopsied. The darkly stained sebaceous glands were 
visualized from the underside at a magnification of 50 
625X and quantitated planimetrically using a graphics 
computer interfaced with the microscope. 

size of the sebaceous glands taken as above from 
the .right ventral ear of each hamster was compared 
with similar samples taken from the acetone treated 55 
right ventral ear of another group of hamsters as con- 
trols. The effects of the various inhibitors, as measured 
by sd>aceous glands size, are given in Table I as a per- 
cent of the size of the vehicle treated control group. 
That isw 100% means that the treated ear sdsaceoos 60 
glands were the same size as the sebaceous glands of die 
yehide treated control ears, and hence there was no 
Inhibitka of androgenic activity. On the other hand, an 
androgenic activity of 60% means that the sebaccons 
gland sis of the treated ear was 60% of the size of the 65 
sebaceous glands of the vehicle treated control car, thns 
indicating a 40% decrease in androgenic activity. Gcd- 
erally. a percent activity between about 90% and 100% 



The compositions of the present invention may be 
applied in any of a wide variety of topical application 
forms, including solutions such as the acetone solution 
used in the examples above, tinctures, creams, oint- 
ments, gels, lotions or aerosol sprays. Such preparations 
may be either alcohol- or waier-based or a combination 
of alcohol/water base. Typical examples of topical 
preparations according to the present invention arc set 
forth in Examples 13-18 below. 

EXAMPLE 13 
Solution 





Progesterone 


0,025 


Spironolsctone 


0.05 


Acetone 


OS 




100.0 


EXAMPLE 14 




Tincture 






Progesterone 


0.025 


Canrcnone 


0.05 


Propylene glycol 


10.0 


Wager 


24.0 


Alcohol 






100.0 



j,U;i. ,1 ; 



EXANfPLE 15 




Cream 




% w/v 


DewAjfuuiicancrane 


ao2S 


TrimethyttrieBokme 


ao5 


Oil Phase 




too 


Sietiyl aloObdl 




Folyethyleoe glycol 




monosctfitc 
Stesricflc^ 


10 


Water Phase 


Olycerin 


S.0 


Tncthtoolsnunc 


1.0 


Preservative (methyl 


a2 


snd Prapyl penbest) 




Water 






loao 


EXAMPLE 16 




Ointment 





EXAMPLE 17 
Gel 



I w/v 



10 



> 

•oon:inued 


^fc w/v 


Camnotc acid 


ao5 


Bolicrhytene glycol monostearate 


2.0 


MyiiByl myristatc 


2.0 


Polyvrbate 20 


1.0 


Waxr 


QS 


Akafaol 


110 


DixKtbyl ether propellent 


lao 


Flootohydrocubon propdlent 


tao 




loao 



Progesteraoe 


ao2S 


Flutandde 


ao5 


Propyteae glycol 


110 


Soibitan sesqoioleite 


4.0 


Petnrfitnut 


QS 




100.0 



Oesoxyoottlcotterone acetate 


a025 


Non*stetDidal antiandrogen 


0.05 


RU 23908) 




CaitK)mer940 


.1*0 


TrfethanolanuDe 


0.4 


Isopropyl myristate 




Water 




Akobol 


QS 




100.0 


« 

EXAMPLE 18 




Aerosol Lotion 




% w/y 



Progesterone 



,0.023 



It win be recognized by those skiUed in the art that 
changes nay be made to the above-described embodi- 
15 ments of At invention without departing from the 
broad inventive concepts thereof. It is understood, 
diereforer tliat this invention is not limited to the partic- 
ular embodiuients disclosed, but it is intended to cover 
all modifications which are within the scope and spirit 
20 of the invention as defined by the appended claims. 
^ We c^ftnr 

L A m^od for treating male-pattern baldness in 
mammals comprising topically applying to the affected 
areas of the skin therapeutically and synergistically 
25 effeaive amounts of a composition comprising (a) an 
inhibitor of the conversion of testosterone to dihydro- 
testosterone by the 5a-reductase enzyme, (b) a blocking 
agent whidi blocks the binding of dihydrotestosterone 
to receptor protein in cell c)rtoplasm, and (c) a pharma- 
30 ceutically and dcrmatologically acceptable vehicle for 
said inhibitor and said blocking agent. 

2. A method according to claim 1 wherein said inhibt- 
tor and said blocking agent are present in the weight 
ratio of abont 1:20 to 5: 1. 
35 ^ A method according to claim 1 wherein said inhibi- 
tor and said blocking agent are present in the weight 
rado of abont 1:1 to 1:2. 

4. A method according to claim 1 wherein said inhibi- 
tor comprises up to about 0. 1% and said blocking agent 

40 comprises up to about 1.0% of the composition, said 
percentages being on the basis of weight/voh;me. 

5. A method according to claim 1 wherein said inhibi- 
tor is selected from the group consisting of progester- 
one, 17|3-carboxylic acid derivatives of testosterone, 

45 desoxycortioosterone, desoxycorticosterone acetate, 
19-nortcstosterone. 4.pregncn-20;3-ol-3-one and 17a- 
hydroxypnigesterone. 

6. A method according to claim 1 wherein said inhibi- 
tor is progesterone. 

30 7. A method according to claim 1 wherein said block- 
ing agent is selected from the group consisting of 
spironolactone, cyproterone acetate, flutamide, trime- 
thyltrienoioiie, hydroxy-fTutamide, canrenone, can- 
renoic acid» 5,5-dimethyI-3-[4-nitro-3(trifluoromethyl)- 
55 phenyl}-2,4-imidazolidinedione and 5,6-dihydro-2- 
methyl-4-{4-nitro-3-(trifluoromethyl)pheny)]-2H-l,2,4. 
oxadipzin-3K4H)-one. 

8. A tnttbod according to claim 1 wherein said vehi- 
cle comprises water, alcohol, acetone, or a combination 

60 thereof! 

9. A method according to claim 1 wherein said vehi- 
cle is selected from the group consisting of solutions, 
tinctures, aeams, ointments gels, lotions and aerosol 
sprays. 

65 • • • ♦ ♦ 
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[57] ABSTRACT 

Increase in the rate of hair growth, stimulation of hair 
follicles to produce new hair growth* prolongation of 
the anagen phase of the hair cycle, conversion of vellus 
hair to growth as terminal hair, and treatment of alope- 
cias due to organic dysfunction of the hair follicle is 
attained in mammalian skins by either oral administra- 
tion or by topical application to the skin, hair and/or 
hair follides of the mammal of effective amounts of a 
retinoid, particularly retinoic acid, and a minoxidil-tvpe 
compound. The COTibination may be administered or 
applied alone or withother adjunctive compounds in- 
cluding vitamins, such as Vitamin Dj. hormones. ajuL 
/or antiandrogens . 
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COMBINATIONS OF RETINOIDS ANO '^^^T^^Z^^ 

M1N0XIDII.TYPE COMPOUNDS FOR HAIR nSly laS abouM^^^^^^^^ ' « produced. 

GROWTH normally lasiing about three lo seven years; the caiagen 

P^'^se ^hen growth stops and the follicle atrophies 

CROSS-REFERENCE TO RELATED ""^ '° ^e^''*; 'he lelogen phase. 

APPLICATIONS r"?"*" " ^ ^'^ f""*^'*: during thich the 

Tu- y ■ . . progressively separates and finally falls out. and 

1 ms application is a continuation-iihiHrt of copend- normally lasting about three to four months Nomiallv 

"6.525. Wed Dec. 22. 1987. 80 to 95 percent of the follicles are in. he a^cn^C. 

No. 463.146, filed Feb. 2 1983. now abandoned, which rest being in the tclogen phase. Whereas the teloeen 

9 lilh'ser No^'8^^^^^^ IQ^ ' 5 1^ ^w"' "°"-P'«°'«''«' ^«>t, the ««gen phase hair has a 

large colored bulb at its root 
414.854. filed Sep. 3. 1982. all now abandoned. This » Alooecia re^nltQ «,k«» .k , ... 
application is also related ,0 tny co-pendbg ap^icaS res^^^^in' exSve hS Ss. Sf" ^"^V"^' 
Ser. No. 283.649, filed concurrently hefewit^ entitled nomem« U » ^wt.^ ha>r loss. The most frequent phe- 

"UseOfRetinoidsAndCon,positi.^sC6maiirsSe c^Z^fl^Z^e^'^'^'^^'^^''*^'^''^"' 
For Hair Growth" cessauon of cell proliferation. This resuhs in an early 

20 ° * catagen phase, and consequently a large 

HELD OF INVENTION number of hairs in the tclogen phase during which the 

This invention relates to the use of syiwgistic combi- '-Jt? 2!"". ^'P"'"*' 

nations with minoxidil (2.4..diamin»6.piperidino. V^"* ^onen'ng of the growth or anag^ 

pyrimidineO-oxide) or cenain of its derivatives or ana- f u- t ^^^^'^ ""^ ''"^^ different origins, 

logs in order to increase the me of uid stimulate 23 .7""^" "r^.^"y'*'^«««Pa*o'ogical origins such 

growth of hair on mammalian skins, particularly human conditions, mental stresses, hormonal prob- 

scalp hair to prolong the anagen phase of die hair cycle. (such as androgenetic alopecia due to male hor- 

to convert vellus hair to growth as terminal hair, and to ""^ secondary effects of drugs. Alopecia itiay 

treat certain types of alopecias. ^ *° "8^ »« a slowing down of mitotic 

BACKGROUVn OF THF iMvcwrir^xi ^° ^T'^^' ™\ **y^™«ion of the biological mechanism 
BACKGROUND OF THE INVENTION of hair growth leading to alopecia may be regarded as a 

A normal characteristic of hair growth in mammals, <*'sease. While there are other causes of alopecia such as 
including humans, is that in most cases, the rate of hair greasy or oUy scalp due to seborrhea and the dandruff 
growth and the length of its growth cycle are reduced accompanying it. the present invention is not directed 
with age. Those phenomena are common to all mam- 35 ^° treating these extraneous causes of alopecia, but 
mals with rare exceptions, and they must be differenti- "''l"" ^ treating the organic dysfunction of the hair 
ated from true male pattern alopecia, which is caused by follicle. 

target organ sensitivity to androgens. German Patent No. 2758484 discloses certain chemi- 

Several factors may influence the rate of hair growth. cal preparations for treatment of scalp to prevent bald- 
These factors include race. sex. age, geography, season 40 These preparations conuin bile compounds as the 
of the year, nutrition and hormones. See Myers. R. J. active ingredients and also include pro Vitamin A or 
and Hamilton, J. B. "Regeneration and rate of growth tretinoin. The active ingredient is a product obtained 
ofhairs in man" Ann. N. Y. Acad. Sei. 53:542-568 (1951); frbm gall or a derivative thereof such as chenodeoxy- 
Hamilton, J. B. "Age, sex and genetic fiictors in the c*"olic acid, urodoxy cholic acid and their salts or deriv- 
relation of hair growth in man: A comparison of Cauca- 4S atives. 

sian and Japanese populations" 7»e Biology 0/ Hair Another patent is Olsen U.S. Pat No 4 I40 229cifinc. 
Growth (Ed. Montagna, W. and EUis, R. A.), Academic the use of Vitamin A<ontaining crystal clear' transDar- 
Press Inc. New York, pp. 40(M33 (1938); Yano. S. cnt, aqueous, sprayable emulsions for rcduciieTcWnE 
"Rate of hair gro^^h" Hi/u to Hinyo 4346.552 (1936); and flaking of common dandruff and srtSrfiS a! 
Maeda, I. "Study on the cuticula of hainflll) Relation 50 stated in its abstract, in some instances the use of such 
between the cuticula and rate of the growth of human emulsions reduced excessive falUne hair It do« nnt 
hair; /j-ureHai-ZflBfa; 43:1298-1304 (1938); Trotter. purport to stimulate hair growth. It sSinlv teaches i 
M. TTie resistance of hair to certain supposed growth method of conditioning hair and scalp to effect relief ' 
stunulams" Arch. Dermatol and SyphUoL 7:93-98 f«m dandruff symptoms The onlv oert^n™,!.,! f • 
(1923> Pinkus. F. "Zur Kenntnis der Ld«„sdauer der 5J Olson is discussed L^C^e S^Sr^oS^^^^^ 
menschhchen termmal haare" 2 MorjAol. und An- IV wherein the "Spray-on-Brus^n SoluHon " ro! 
thropoL 24:256-269 (1924); Ono, M. "Studies on the hair tained Vitamin A palmitafe and sev« otSS^i.^^^^^ 
growth of beard and scalp hair (1st report) Infiuencing All that is disclosed is th« "the dXTos^ o^I^/h h,?^ 
factor in the rhythms of hair growth" /. Physiol. Soc. was reduced to approx ily 10 to 2^ 
y«^„ 25:254-261 (1963) «, Knight British'^enr ^i No I 466 062 

Vartous preparations have heretofore been proposed discloses a cosmetic composition Smaining toroJherol 
for the treatment of male panem baldness. It is also a and retinoic acid as a cosmetic nr«^,«, « 
matter of common knowledge, however, that none of be used on xhTl^o^^^^ZX^^l / 
^^l^^^^^^^^^^^-^^Vr.^^^oy. agent. T.is multi-p^l^s^^^^t^Sco^i^^^^^^^^ 

In^SrtoU epithelial structures..hehairfo.h- " :2aT^^^^^^^^ 
cle does not grow continuously throughout its life, but clearini of the siL^of S^S^Ifr wK7 JL™^^^^^ 
passes through a cycle called the pilar cde. The pilar the scafp can beco.i?iSrio;s il ^uX" d 



i 
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hair growth l .:: :oc3i.in5e::c -** sfvcil-c treatment for shampoos, and tho 1 I: . rx.niainiug the aforementioned 
androgeneiic .jloiiccia cr male paiiern alopecia is not compounds as the ;.c:ive ingredients, can be applied 
suggested by this disclosure. The use of retinoids to topically to the skin. Iiair and/or follicles for this pur- 
alter the hair follicle growth rate or to prolong the pose. Oral administration of the retinoids may also be 
anagen phase of the hair cycle is also not disclosed or 5 used. Other adjunctive compounds which may be in- 
oiscussed by Knight. Knight is claiming a cosmetic eluded in the compositions of the i nvention include 
lotion for cleaning the scalp. Common dandruff and vit amins, such as V itamin Dj, hormones. an d,antiandro- 
seborrhca or seborrheic dermatitis (seborrhea is the gens.^ Thc invention also includes the topical or oral 
production of excess sebum and seborrheic dermatitis is administration of retinoids to fur bearing animals or 
an irritation of the scalp), as well as age spots, are the 10 birds to increase the rate of hair prnwth a nH/nr re tard v 
topic of this patent, and the composition used is a com- shedding'or molting. * ^ 

bmation of two ingredients (Vitamin E and retinoic " — 

acid) in a cosmetic base. DETAILED DESCRIPTION OF PREFERRED 

There is a reference in the literature to the treatment EMBODIMENTS 
of monilethrix using tretinoin (retinoic acid). Monile- 15 Retinoids have been ishown to cause elevated DNA 
thrix b a vary rare genetic disease in which the hair synthesis in keratmocytes in cell culture. Retinoids can 
shaft IS defective and the hair is sparse and fragile. Topi- also be shown to increase the turnover time of epider- 
cal i^lication of retinoic acid improved the symptoms mal cells in cell culture experiments as well as in vivo 
of this genetic defect. Hernandez-Perez, E. •Tretinoin experiments with human subjects. As disclosed in my 
iflloS?^ monilethrix" Archives of Dermatology 20 copending application Ser. No. 283,649, the present 
l(»^75-576 (1 974). inventor has discovered that the cells of the hair follicle, 

TJe use of retmoic ackl in many disease conditions particulariy the kcratinocytes, can be stimulated by 
has l^n recently reviewed in the Jiffi/rnfl/o/iAe^inCTi- retinoids. When tested experimentally, the retinoids 
can Academy of Dermatology by Haas and Amdt, caused the cells of the dermal papillae and the kcratino- 

l^^^Kfoii^nlPP"*^*?^^"^ '°P*«*^ tretinoin" 25 cytes, as well as ceUs of the root sheath, to incorporate 
15:870-877 (1986). The review article in the May 1981 more tritiated thymidine into DNA and to reproduce at 
Journal of the American Academy of Dermatokgy. by a more rapid rate than untreated cells from other hair 
Thomas, et al. also gives a list of the known uses of folUcIes. This stimulation by the retinoid compounds 
rcuncnc aad, but the treatment of alopecia or androgen- ultimately causes the entire hair follicle to become more 
eucalopecia is not listed. 30 activated and the mitotic index, as measured by thymi- 

There arc no references of which I am aware for the . dine-H^ incorporation into DNA. to rise. Therefore, the 
use of ittmoids in altering the rate of hair growth and individual scalp hairs can be shown to grow at an in- 
treating alopecias, such as androgenetic alopecia. In creased rate, and the anagen phase is prolonged 
facu quae the opposite is the case, and the literature is A major problem in influencing alopecia is to revas- 
full of refereiices to hair loss caused by the toxic use of 35 cuiarize the area of alopecia and initiate the primary 
retinrads m high concentrations. References to hair loss new hair growth. Retinoic acid and its derivatives and 
caused by retinoids include W. Bollag and A. Matter, the other retinoid compounds have been shown to give 
Froin Vit A to Rennoids in Experimental and Oinical excellent percutaneous absoprtion and to be very active 
Oncologj' , p. 9-23, Modulation of Cellular Interactions on the keratinizing cells of the skin, including the hair 
^Vitamtn A and Derivatives, (Retinoids) (E^LmgiM, 40 follicle. However, it is difficult for retinoids alone to 
DeLuca. Stanley S. Shapiro) Annals of New York ^ revascularize the area of the pilosebaceous apparatus 
Academy of Sciences. Vol. 359 (1981) and Retinoids: ^ Stu dies have shown t hat minoxidil, a potent antihv. 
Advances m Basic Research and Therapy (Eds. C. E. pertensive medication and peripher al v^odTlfltor. can^ 
Orfanos) Springer-Verlag (1981)-See articles -'Aio- increase the rate of hair growth on the body when taken 
mauc Reunoids in Psoriasis", p. 165-173, S. Jablouska, 45 systeiiiically. particulariy in areas of the limbs and facial 
et al.; and "Treatment of Severe Forms of Psoriasis and afeas, possibly due to vasodilatory properties. Further 
lUunoic Acid Derivatives-. J. C. Gatii. et al.. p. studies have suggested that minoxidil may be effective 
i«« ^ ^ • j i .1. initiating and promoting vellus hair growth on the 

One compound, minoxidil, a potent antihypertensive scalp of individuals with alopecia. However, minoxidil 
compound, has been found to promote hair growth 50 may not able to sustain the growth of terminal hairs 

S^'k?' l^S^ !,° ^Ata^JF'i "^^^ ^^""^ ^c^lP- ^" ^he majority of sub- 

Pat. No. 4.139,619 and 4.596,812 to Chidsey et al. jects with alopecia, terminal hair growth on fhe scalp 
Mmoxidil is recognized as being somewhat effective in may not be initiated or sustained by the topical aoDlica- 
producmg new vellus hair growth and sparse terminal tion of minoxidil nor by its systemic administration 
hair growlh m a preselected group of subjects. How- 55 MinoxidU has been shown to prolong the life of 
ever, its effect is far from satisfactory m most subjects. kcratinocytes in culture and extend the time after con- 
BRIEF SUMMARY OF THE INVENTION Auence that cells can be subcultured. These data suggest 

... ^ ™* the mechanism by which minoxidil exerts its effect 

According to the invention it has been found that is that the drue reduces the rate at which cells are lost 
rctuioids or mixtures thereof in combmation with 60 from the germinative pool and hence slows senescence 
mnwxidil and/or minoxidil-type compounds arc syncr- See J. KubUus et al.. '^Effect of Minoxidil on Pre- and 
gisu^ly effective m stimulating or increas ing the rate Postconfluent Keratinocy tes," Journal of the American 
y which hair grows on mammalian skin, protongigg Tfir^ Academy of Dermatology, 16:648 (1987). Yas£ailaL£fiects ' 
anagen p naseol tne nair cycie. convertittfe Vellus hfflr to alone do not ap ni>«r rn ^ cMf r,ciem stimulus for hair 

hmi growth. UTId lieaiing^^alu^gTllirTO 65 growth, nanicularlv in an a rea afi^ H hy o1»po^io Ac " ' 
organic dysfunction of the hair follicle by iopad appU- desc ribed in m v copendin g applicatinn Lr Mr. - 
cation to the hair and hair follicles and to the skin adja- 283,649, the dilcI 5sii^g,oLwinch incorpor^tfeg Tigrein 
cent thereto. Preparations such as lotions, creams, by reference, retinoids can stimJ ate and increase the 
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rroxif ihc anagcn phase of the hair cycle, as w-Vt as 
convening vellus to terminal follicles. The mechjnism 
of action of the reiinoid compounds is believed to be 
through the initiation and activation of increased cell 
turnover and cell differentiation, i.c^ compounds which 
of tbansdves can initiate the difTerentiation of cells of 
the pilosebaceous apparatus which eventually form the 
hair folhclc and become terminal hairs. 

Because of the advanced sute of scalp thinning and 
atrophy of the pilary portion of the pilosebaceous appa- 
ratus, it is diflicult to initiate hair growth from areas of 
advanced male pattern alopecia. Retinoid compounds 
sustain and promote hair growth in areas where hair is 
present to some extent. 

The present invention combines the use of rctincnd 
compounds with minoxidil, or its analogs or derivatives 
or mino xidil-type compounds (hereinafter collectively 
referred to simply as "minoxidir'). The stimulatory „ 
actions of both compounds can syncrgistically promote 
each others' effect. Retinoids can initiate cell growth 
and Afferenttation (not initiated by minoxidil), and 
minoxidil can promote the vasodilatory and mitogcnic 
action not obtained with the retinoids. While neither 35 
compound abne may have profound effects on ad- 
vanced alopecias^ in combination the compounds are 
very effective as promoters of new hair growth in areas 
of alopecia. 

The net result of application of minoxidil and reti- 
noids is initiation and production of new hair growth 
and conversion of vellus to terminal hair growth, i.e., 
the increase hi size from a vellus to a terminal hair and 
the continued and more prolonged maintenance of the 
hair in the anagen phase. As noted previously, this ef- 35 
feet is obtained not merely as the addition of two com- 
pounds, but as synergism, i.e., the combination of these 
sulKUnces in the present invention produces an effect 
which CTmoi-be 4?rod uceO>Leitke^^^ 
ratdy under conditions of its use and, therefore, rcpre- 40 
sents a major advance in the treatment of alopecia. 

Suitable reiinoid active ingredients for use in this 
invention include derivatives of retinoic acid (Vitamin 
A add or tretinoin) which may be represented by the 
follouing formulae: 45 




9-cis*retinoic acid 
CHx 




7.S-dehydro.retinoic Kid 
CH, CH, 



CHv ^CH? 




30 



CHy 

5,6.dihydro-retinoic scid 

CHj CHj O 




The anhydro forms may be represented by the follow- 
ing compounds: 



CHj CH3 



CHi 




50 




CHj y-forni 



whcrdn R is hydrogen or a lower alkyi group, X is 
individuaUy hydrogen and Y is individually hydrogen 
or a hydroxy group, or X and Y together form 0x0, and 
2 is alkoxy, amide, alkylamtde. hydroxy, nitro, or other 
suitable terminal groups. Also included by the above 
formula are pharmaceuiically accepted salts thereof. ^ 

Further, the basic formula may include the dehydra 
dihydro, or anhydro forms, such as the 7,8-dehydroand 
5,6-dihydro forms, of retinoic acid as well as alJ of the 
stereoisomeric forms thereof, such as the 9-cis; 9,13- 
dicis; 13-cts; Il-cis; 11,13-dicis; etc. Examples are « 
shown as follows: 

13-cis-feiinntc acid 



Suitable retinoid analogs and derivatives useful in the 
invention have the following general formulae wherein 
the side chain, the ring, or both, may be altered: 



CH^^^CH, 



CHi 



OH 




5,I83,8J7 

wherein X IS a mem:»erseleaed from ihe group consist- Oiher suitable retinoid compounds usef ul in vh > 
ing of: — OHCH2CONH2: mixed — OCH2C- vention include a-hydroxy retinoic acid reDrcsenteci tv 
H(OH)CH, and -OCH(CH.0CH:OH; -OCH ; as the formula: ^ moic acia representee 

well as 



NHCH 



— OCH2— CeHs: and — CXTHjCO 




OH 



OH 



\ 



OH 
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and the C2^analog of retinoic acid represented by the 
following general formula: 



IS 




These compounds as well as other alkoxy and amide 
compounds can be active as they can be hydrolyzed to 20 

retinoic acid and other active compounds in the body. • wherein R in both of the above formulae arc lower alkyl 

However, their activity may not be as direct as all-trans radicals, preferably methyl groups. 

retinoic acid. Other sinicturally modified retinoids which, to some 

degree, exhibit the activity of retinoic acid for hair 
25 growth purposes can be presented by the following 

general formulae: 




OCOCHj retinyl ftcciaic 



COOH <«ll-£)^etinoi£ add 



CONHC:H5 Reiinoic Acid Ethyl Amide 



CONHCH3CH3OH Retinoic Acid 2.Hydrox>'cthyl Amide 




CH;0 



CH}0' 



NH-/ \-c 



CONH— ^ ^OH Reiinoic Acid p-Hydroxyphcnyl Amide 



COOCiHj 



CONHC2H* 



11 




•continued 

COOH 37400-BASF 



COOH 3S6S4-BASF 



12 



N N (aH-E)-N-(l-nnidoioIyJ>.reiiaamidc 



-continued 



Still other useful analogs and derivatives of retinoic 
add and retinoids include the following compounds: 



CHiO 




CONHC:H< 



CHiO 



Trimeihylmrihoxphyenyl (TMNfP) 
analog of retinoic acid eth ylamide 
(Moirclin) 



Trimeihx-imelhoxphenyl (TMMPj 
analog of retinoic acid ethyl tsier 
(Eiretinare) 




CH.tO ^5!^ CI 

Dichloromethylmethoxphenyl (DCMMP) 
analog of retinoic acid ethylester 




COOC2H< 



CH2OCH3 



Arotlnoid 



30 



35 



40 



45 



50 



55 



60 



65 




COOH 



OCH.1 

I-Methoxyethyl-cyclopenteny! 
analog of retinoic acid 




Axerophihenc 



l3-cis-Retinoic acid 



CHjO 




O 
OH 



Trirncthylmcthoxyphcnyl 




Retinal 




O 
OH 



/J-a»-trans-Retinoic acid (RA) 



CH5O 




IO-nouro.TMMP anaolog of RA 




55 





5,183,817 
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►=0 



HiC 



TTNI 



BENZOFURAN 




Am-SO 



COOH 



5,183,817 

18 

tion, the term "retinoid" will be. i.ruierMoc.l :< ii:c;u»!e 
any compound which fits the forc^inng chcm.xal and- 
/or biological definitions.* 
^ That IS, the definition of a retinoid intended in this 
invention is a substance thai can elicit a specific biologi- 
cal response by binding to and activating a specific 
receptor or set of reccpton for retinoids. Therefore, any 
Vitamin A type compound, whether defined by the 
jQ classic description of a particular subset of diterpcnoid. 
polyene substances or a new type of synthetic ligand 
(neither diterpenoid nor polyene) which can have a 
better molecular fit to the retinoid receptors (cytosolic 
retmoic acid binding proteins), should be considered in 
15 this defmition. The biological response of the target 
cells for retinoids should be defined as any compound 
(retinoid) which is capable of stimulating the hair folli- 
cle cells to differentiate or to turnover more rapidly. 
This covers compounds traditionally related to reti- 
20 noids and it also covers compounds which are not diter- 
penoid types. The ring, the side chain, the terminal 
group or all of these can be altered. This definition 
would include even newer retinoids which do not fit the 
older Vitamin A-type concept but which can be shown 
to bind to the retinoid receptor proteins specific for 
rctinoic acid (CRABP) within cells of the follicular 
epithelium. Examples of such newer retinoids mclude 
inter alia^TNT, TTNN, TTNI. TTNF, Ain-80. Am- 
5S0 and Ch-53, which are shown above. 

Minoxidil {2.4.diamino.6-piperidinopyrimidine-3- 
oxide) is represented by the following formula: 



25 



30 



Am-580 



35 



40 



O 

t 



Ch.55 



Also included within the foregoing compounds are ^5 
any halogenated compounds or ether, amide, modified 
rings, dchydro, dihydro, isomer or analog forms of said 
compounds. 

The retinoid compounds useful in the present inven- 
tion are believed to have the common characteristic of 50 
binding to the retinoid ccD receptors and thereby stimu- 
lating the hair follicle ceU proliferation. 

Retinoids have been defined narrowly as comprising 
simply Vitamin A (retinol) and its derivatives such as 
Vitamin A aldehyde (retinal). Vitamin A acid (retinoic 55 
acid), comprising the so^ed natural retinoids. Reti- 
nol and its esters have been used previously in hair 
preparations to prevent hair loss, but not to increase or 
stimulate hair growth in cases of alopecias. 

Subsequent research has resulted in a much larger 60 
class of chemical compounds that are termed retinoids 
due to their biological similarity to Vitamin A and its 
derivatives. Compounds useful in the present invention 
include natural forms of Vitamin A, Vitamin A acid and 
its isomers. Vitamin A aldehyde and/or synthetic ana- 65 
logs of Vitamin A acid which possess the biological 
activity of Vitamin A add in the hair follicle. Accord- 
ingly, as used herein for purposes of the present inven- 




In addition to minoxidil, its active derivatives and 
analogs can also be used. These active derivatives and 
analogs are described, for example, in U.S. Pat. Nos 
Ao/Jil' ^^.637.697; 3.461.461; 4,139,619; and 
*,3V6.8I2, the descriptions of which are fully incorpo- 
rated herein by reference. 

Among the active derivatives and analogs of minox- 
idil described in these patents are compounds of the 
formula: 



OH 

HjN C NH 

\ / \ ^ 

c c 

II I 

C N 
R2 C 

I 

where R, isa moiety selected from the group consistine 
of moieties of the formula 



5,18i.8i- 

, 19 ■ 20 

normally acceptable, comn: /^''^a.^/viCO)- 
Rj pounds such as cety) alcohol, c. . : >. ;. -tu>. 

^^-^ ins, hydrolyzed animal protdii, t*' ^' 

\ amodimelhicone, paraffm, mineral oil, sii) :i 5 

lU 5 The topical compounds may also contain 

adjunctive compounds, such as oils, including esscniii- 
wherein Ry and lU arc selected from the group consist- fatty acids; v itamitti or' th'gfr-Arivatives: hormones 
ing of hydrogen, lower alkyl, lower alkenyl lower (natural of synthetic). iTSCtOding progesterones, cstro- 
arylalkyl, and lower cycloalkyl. and taken together R3 gens including estradiols, thyr oids, and j>oly peptide 
and R4 may be a heterocyclic moiety selected from the 10 hormones; and antiandrogens, including butmjt uinited 
group consisung of anridinyl. acetidinyl. i^rrolidinyl. to cyproterone acetate, cyoctol. seoosteroids, flutamide 
PVendmo hexahydroazepmyl, hepiameihylcmimno, or spironolactone and particularly nonsteroidal antian- 
octamethylcmmino, morphobno, and 4.1owcr aDtyl. drogcns such as the decahydra.7H4«nz(E).tnden. 

^yl groups, hydroxy or akloxy, and >j^rein R, is fSd^ln^^^^^^^^^^ 

kyl, lower aryl, lower aralkyl, lower alkaryl. te^r f!rin!^ST^ ^'^"^ TJ'^T' ^f'^'T" 

alkaralkyl. lower alkoxyaralkyl, and lower haloaralkyl, 20 ^f^*"^ °" ^^"^ ""^^'^"^ ^ considered an 

and the pharmacologically acceptable add addition ^ . ,^ • . 

salu thereof. « ' *- Exfniplcsof the ictive-typeVitammDj which can be 

S^^ho J. Heterocyclic Chem., 13:1329 (197S) by John »> combination with the retinoids of this invention 

M. McCaU,ct al., the disclosure of which is additionally 1?^™* the foUowmg types which are not meant to be 
incorporated herein by reference. 25 l-hydroxycholecalcifcrol; 1.25^hydroxy. 

Included as minoxidil analogs are those described in £50"^ available as ROCAL- 

the following U.S. Pat. Nos.: 4^87.338; 4^772; J^^^n and l,24^ihydroxycholecalciferol. Vitamin 
3,464,987; 4,316,901; 3,270,015; 3.270,014; 3,382^; 03 is generally administered at a rate of about 0.001 to 
3,461,461; 4,080.500; and 3,973,016, the disclosures of M^gm. Vitamin D3 type compounds have recently 
which are incorporated herein by reference. Other suit- 30 shown to regulate cell differentiation and to pro- 
able minoxidil-type compounds include minoxidil the differentiation of the keratinocyte. Vitamin D 
glucuronides disclosed in published European applica- compounds are also important in calcium regulation, 
tion 0242967 Al and the substituted pyrimidine com- Thesecompoundsmay assist in the conversion of vellus 
pounds disclosed in my published PCT patent applica- to terminal hairs, 

tions WO86/00616 and WO/8504577. 35 > T he topically applied lo tions, creams, conditioners. 

A major problem in influencing hair growth is Obtain- or oincr lormuiauons containing the retinoid will vary 
ing good percutaneous absorption of the active com- according to the standard art with regard to the 
pounds. The retinoid compounds described herein amounts of other hydrophilic and hydrophobic ingredi- 
cause excellent percutaneous absorption of themselves ^^'ts, including emulsifiers, so that cither an oily, semi- 
and other compounds used in combination therewith, 40 Q'ly or oilffree^product may be obtained; The shampoos 
and are very active on the keratinizing cdls of the skin, contain anyjofth^ conventionally used detergents 

including the hair follicles. pr soaps and any other cornpounds uie^^ by those famil- 

Accurate measurement of hair growth to substantiate ^^?L.5^ art. Oi l-b ased shampoos ar e included in 

the results of the testing is often a problem. A mi- t hese fojm filaiiDasr--^ — 

crocapillary method which gives excellent results and 45 The oral preparations may be tablets, liquids, cap- 
can be used to measure the rate of hair growth was sules, etc. The pharmaceutically acc eptable substan ces 
devised by M. Saitoh, ct al. Advances in Biology of the commonly used as preserv atives , stabiliggnJ mftictnn^ 
Skin, vol. 6, p. 467 (1968) and utilizes microcapillary ''ctainers, emulsifiers. etc., can be present in these prepa- 
tubes which are graduated using 0.2 mm graduations. A rations. Conventio nally acceptable antiox idants such as 
less time-consuming magnification method which also 50 tocopherols, N-metfiyl 2-tocopheramine7 butylated hy- 
yields good results mvolves shaving off of the hairs for droxyanisole (BHA) and butylated hydroxy toluene 
examination and measurement. (BHT), can be incorporated also in the preparations 

The pharmaceutical, cosmetic or veterinary prepare- described herein, 
tions of the present invention can be prep ared by c on* Retinoids and minoxidil are administered in effective 
vention al techniques for the preparatitm of lotion s, 55 amounts which vary with the route of administration 
cr ^ms, conditioners or shampoos for the scalp o r veter- and the requirements of the subjects. The topical treat- 
inary preparations for pelts. Though not as preferred, ' menu may consist of lotions, creams, conditioners, 
incl uded also are preparations which can be adm inis- shampoos, oil treatments, etc., with about 0.001 to 2% 
ter ed orally and comoounds which can be added to by weight of all-trans retinoic acid or derivatives, or 
ani giai foods. _ 60 other retinoids, as the preferred dosages in the de- 

In addition to the active combinations of retinoids scribed com positions an d wi th dosag es of about 0,01% 
and minoxidil-type compounds of this tiivoQtion, the to 30% mtnoxtdU in suitable vehicles for topical use. 
various preparations^can contain any conventional Ar^t inoids may be effectively used at ring^c at inu/ ac 
pharmaceuticaliy acceptable or cosmetically acceptable aOOM)l% by weight or even lower. Oral dosages for 
inen or pharmacodvnatnicallv arrive ftrfffiffi/i>c Ar r«rri. 55 minoxi dil shou ld not exceed 10 mg/day total dose and 
ers. For examp e, the lotions may be prepared using for retinocacid 1 mg/kg body weight/day is a maximal 
various forms o ' alcohols or other solnbOizers such as dose which \wll eventually cause toxicity and with 
glycols or esieis. The conditioners may contam the chronic treatment will probably cause the hair to fall 



\'ig/kg body wei^r! 1 .ihuuUi be a 
^ . xr^:.3L0\c dose. 

t. !: r^Aamme the specific action of the reti- 
v ^- and minoxidil in increasing the rate of hair 
■ gr^:*^/th, several types of experimenis were performed. 5 
The microcapillary method was used in each case to 
m^nire the rate of hair growth. Other methods of dye 
staining and hair growth measurements were also un- 
dertaken. In addition, the method of Ebling. et si. Jour- 
nal of Investigative Dermatology. November 19S1, was 10 
used to study the conversion of vcllus to terminal hairs 
by microscopy. 

The effectiveness of the active ingredientt of this 
mvention for increasing the rate of or stimulattqg hair 
growth will now be illustrated by the following exam- 15 
pies. These examples, however, are merely representa- 
tive and should not be construed so as to limit the scope 
of the invention. 
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EXAMPLE I 20 
A topical lotion containing 0.1 percent by wqght of . 
all-trans retinoic acid and 3% by weight roinoxida was 
mcluded in the preparation to be tested. As the vrfiiclci 
5 wdght percent propylene glycol, 1 mg per 100 ml 
butylated bydroxytoluene (BHT), and 95 weight per- 25 
cent ethanol were mixed in a beaker for several minutes 
at ambient conditions to obtain a homogeneous prepara- 
tion in whidi the retinoid was dissolved. This btion 
was labelled A and was the active drug preparation. A 
similar lotion was prepared by the foregoing procedure 30 
contaming all the aforementioned ingredients, bat omit- 
ting the retinoid and minoxidil. This preparation was 
labeUed B and was th<? placebo lotion. 

Volunteer subjects had a 3 to 4 cm diameter area of 
scalp hair bleached at the scalp end. The subjects were 35 
asked to apply the (placebo) lotion B, 2 times a day, to 
the scalp for varying periods of time from 10 to 30 days. 
The rate of hair growth in each individual was deter- 
mined using measurements taken with either mi- 
crocapillary measuring equipment or by magnification 40 
measurements. The rate of new hair growth frwn the 
scalp end to the bleached area was recorded every three 



low plastic Petri dishes, previouMv gridded into 1 cm 
squares, moistened with tap water, and examined and 
counted by transmitted light with a low-power dissect- 
ing microscope. The roots could also be stained to h^lt) 
in the interpretation. 

Following the placebo treatment, the subjects weYe 
given lotion A (contaming the active drug) or lotion B 

^'"^ manner in 

wjich they had applied the previous (placebo) lotion. 
The same procedure was followed for measuring hair 
growth, namely every three to six days the subject 
returned for measurements to determine rate of hair 
growth. At the end of the active drug treatment period, 
subjects again had anagcn/tdogen ratios determined. 
Neither the subjects nor the observers were told which 
lotion A or B was the active preparation until after the 
data were analyzed. 

Before treatment and at monthly intervals thereafter, 
a circle 1 inch in diameter was drawn over the balding 
spot of the vertex with e skin marker and a template. 
The center of the circle was located by a three-point 
mwsurcment. using the midpoint between the ears and 
a fixed distance from the base of the nose. These mea- 
surcmcnts were recorded at each visit. With the aid of a 
magnifying lens, the hairs in the 1-inch diameter circle 
were counted and typed as vellus hairs, indeterminate 
hairs, or terminal hairs. Nonpigmcntcd short hairs were 
defined as vellus; pigmented hairs ranging from thin and 
short to slightly longer and thicker were defined as 
indeterminate. Hairs of the same color and bore diame- 
ter as those in adjaccm nonbalding areas were classified 
as terminal. The count was repeated several times and 
the average used as the final count. The number of 
vellus and terminal hairs were compared before, during 
and at the final visit, and calculated as percent conver- 
sions from vellus to terminal. 

In Table I are described the results of studies using 
male and female subjects. The all-trans retinoic acid and 
minoxidil in lotion form was applied topically or as 
described in Table I, and hair growth rates were as- 
sessed along with conversion of vellus to terminal hair. 

TABLE I 



Lotion Ccniaining AII-TrAns 
Retinoic Aci d 0.)9^ and Minoxidil 3*^ 

_ ^ Con- 

c . . Trcatmcni Rate of Growth fmm/day) version 

5ub;«t Dosage Form of Time Control Treatment VelJus lo 

Sex Agf (m»/day> Dogge (Momhi) (Lotion B) (Lotion A) Termini! 



M 
M 
M 
F 
F 
F 



37 
62 
38 
43 
3B 
64 



10 
10 
10 
10 
10 
10 



Topical 
Topical 
Topical 
Topical 
Topical 
Topical 



0^3 
OJl 
0.35 
0.37 
0.31 
0.24 



0.30 
0J9 
0.42 

0.39 
0.35 
0.29 



I17r 
22% 
357< 
I3*rt 
189? 



to six days. The data is expressed as control rate of hair 
growth in mm of growth per day. 

At the end of the placebo treatment, anagen/tdogen 
ratitB were determined by the following standard 
method of Orentreich, N. and Berger, R. A. **Sdenium 60 
disulftde shampoo". Arck Demu 90:76-80 (1964): Hair 
pladcing Was done from the areas treated before and 
after treatment. A large surgical-needle-holding damp, 
with jaws covered with a smooth layer of rubber was 
used. Twaity to fifty hairs were grasped at one time, 65 
approximately 1.0 cm above the scalp surface, and cp- 
lated with a single forceful pull. The hair roo& and 
lower portion of the shafts were then cut off into shaJ- 



COMPARATIVE STUDY 

A group of twenty normotensive subjects, twenty to 
sixty-four years of age and clinically diagnosed as suf- 
fenng from androgcnetic alopecia, were entered into a 
corabmed study in which twelve subjects received 
0.025% topical tretinoin solution with the vehicle as 
discussed above (95% ethanol, 5% propylene glycol 
and 1 mg BHT per 100 ml), 36 subjects received a com- 
bmation of 0.025% tretinoin and 0.5% minoxidil solu- 
tion, five subjects received the vehicle alone as a pla- 
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ccbo, three subjects received 0.5% minoxidil solution 
alone, according to the following protocol. Food color- 
ing wzs added to the placebo and minoxidil solutions to 
match the color of tbt retinoic acid. 

The subjcas were insiroctcd to apply 1 ml of the 5 
solution twice daOjr by dropper to the affected scalp 
area (a circular am of baldness. 1 inch in diameter). 
The subjects were idrised to wear a cap for protection 
from the sun or to refrain from excessive sun exposure, 
and to avoid tramna to the scalp (i.e., vigorous scalp lo 
scrubbing or brushiiig). Blood pressure, serum chemis- 
try tests, complete Uood counts, weight, pulse and 
electrocardiogram were performed before treatment 
and at repeated intenab for each patient; skin irritation 
was assessed during each follow-up visit; photographs 15 
were taken before and during treatment to evaluate hair 
growth; and hair carats were performed initially, at 
monthly intervals, or at follow-up visits. 

After analysis of the data, the subjects were placed 
into oiie of three designated response groups, with per- 20 
cent increase in mmter of terminal hairs (defined as 
thick, pigmented hain^ comparable to those on the sub- 
jects' posterior ^ca^) being the primary criterion for 
placement. Partidpaats in the "good" response group 
(Group A) experienced greater than 46% increase in 25 
the number of hairs in the target area after treatment; 
individuals in the ^'moderate** response group (Group 
B) had a post-therapy terminal hair increase between 
2\% and 45%; M^e participants in the **no response" 
group (Group Q experienced increases below 20%. 30 
The mean amoum ttftime for subject panicipation was 
JO, 8 and 9 months, respectively, for Groups A, B and 
C, and the results are indicated in Table II below. 

TABLE II 



Reiponiie 



' 35 



Treaimcm 



NacT 



Good 
(Oroap A) 



Moderate 
(Group fi) 



Placebo 
Minoxidil 
Tretinoin 
Comhinaiion 



None 
(Group C) 



5 0 0 5(I00CJ» 

3 0 0 3(100T/) 

U 7iie^) 5(42f:j) 5(42f5) 40 

36 I6(44CJ) 8f22C,) 12 (33^r) 



In 56 subjects. 48 of whom were receiving tretinoin 
or the combination formulation, positive responses 
were documented in more than half of the subjects, 45 
usually within 18 months. The five patients receiving 
placebo demonstrated no significant hair growth re- 
sponse. Three patieias receiving the 0,5% minoxidil 
solution also showed no meaningful results. Of the 5 
men who received tretinoin only, two experienced 50 
some hair growth afier treatment, although the hairs 
were mostly of the knugo (veilus) type. 

However, surpria^y, of the patients treated with 
the combination solution (0.5% minoxidil and 0.025% 
tretinoin^ 66% re^»ded positively, with 44% placed 55 
in the good re sponse group and 22% in the moderate 
response groupi These data suggest that there may be a 
synergism between nmoxidil and tretinoin when the 
substances are combiaed and used topically. While nei- 
ther compound alone appears to have profound effects 60 
on advanced atopeoB* in combination the compounds 
may be more effective as promoters of new hair growth 
in individuals with alopecia. 

While this study used only 0.5% minoxidil in combi- 
nation with retmoic acid, other studies report that 2% 65 
to 5% minoxtdfl coaoentrations cause a cosmetically 
visible hair regrowth m 30% to 40% of subjects. The 
above results show that low concentrations of minoxidil 
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(only 1/4 to 1/10 the topical minoxidil concentrations 
previously reponed) are effective when used in combi- 
nation with tretinoin, suggesting that mixtures of 
minoxidil and retinoids may be more effective in the 
treatment of alopecia than is minoxidil alone. 

More details of the above study, including photo- 
graphs of the patients, may be found in Bazzano et al., 
"Topical Tretinoin for Hair Growth Promotion/* Jour- 
nal vf the American Academy of Dermatology, 15:4, Pages 
880-883 and 889-893 (October 1986). 

The following Examples illustrate forms of topical 
application of compositions of the present invention. 
The methods of administration may vary by lotion, 
cream, ohitment, pfll, supplement to animal food, coat- 
ing for seeds, etc. These Examples are only meant to be 
illustrative, and do not limit the mode of administration 
nor the ingredients which can be admixed to the present 
invention, nor the amounts which may be used. 

FORMULATION EXAMPLE I 
Lotion Formulation for the Topical Administration 



Ingredients 


Weight ^ 


AU-irans retinoic acid or 


0.0) to 0.1 


I3-cis retmoic acid 


Minoxidil. 


0.5 to 3.0 


Ethanol 


q.s. to 100.0 


Propylene gl>-col 


5,0 to 50,0 


Bntyiated hydroxytoluene (BHT) 


0.1 


Distilled wmtr 


up 10 10.0 



FORMULATION EXAMPLE II 
Cream Conditioner for Topical Administration 



ingredients 



Weight 



AD-trtK retinoic add or 1.0 
13-ci» retinoic acid 

Minoxidil iq.q 

Disinied utter q.s. to 100.0 

Cctrimomuffl Chloride 5.0 

Cei)1 alcohol 4X> 

Eihand 4.0 

Bntyiated hydroxytoluene 1.0 

HydroUzed animal protein 0.5 

Metbytparaben. propylparaben o.I 

Stabilizer o.I 

In this example, a higher concentration of active 
ingredient was used since the conditioner is rinsed out 
shortly after application. 

FORMULATION EXAMPLE III 
Hydrqjhilic Ointment for Topical Administration 
All-trans retinoic acid (0.01 to 0.1 gram) and MO 
grams of minoxidil are dissolved in lOO ml of acetone, 
and the solution is then admixed with 900 g of USP 
grade hydrophilic ointment to a uniform consistency; 
one gram of butylaied hydroxyioluene is added. A 
water washable cream ointment is thus prepared. 

FORMULATION EXAMPLE IV 
Tablets for Oral Administration 



tngrcdienis 



Amounts 



Minoxidil 

AO-trans retinoic add or 



. 10 mfi. 
25 mg. 
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•continued 


Ingredients 


Amounts 




13-cis reiinotc acid 

Lactose 

Cornstarch 

Microc>ftAlIine cetlolose 
Talc 

Magnesium stearate 


?2 mg. 
20 mg. 
40 mg. 
15 mg. 
0.5 mg. 


5 



IS 



vviuiuui ucporiing irom mc spmi or me 
The active ingredients are mixed with lactose and '° central attributes thereof and, accordingly, reference 
granulated tising a cornstarch paste. The remainder of should he maH** tn tu^ ^^^^^^a — «i — 

the above adjuvants are then admixed therein, and the 
mass it tableted. The Ublets art then coated with a 
water*soluble or water-swellabie lacquer. Liquids, syr- 
ups or other formulations can be made consistent with 
phannaoeutical art 

The retinoid/minoxidO combinations of the invention 
may also be used in veterinary preparations or feeds to 
increase the rate of growth of fiir 0>elt) in certain fur „ 
bearing animals and to retard shedding and mohing. 
In fur bearing animals, the rate of fur growth, length 

of hair, thickness of hair and mohing season are con- 

trolled by many factors including season, light (wave* ^ composition according to claim 1 wherein said 

length) periodicity, temperature, hormonal factors and compound is minoxidil (2.4-diaraino-6-pipcridino- 
nutrition. Controlling all of these variables is impossi- pyriniidine-3-oxide). 



showed that the rate of growth of new pelt wai i; 
creased approximately 30% by the retinoid treatment 

Experiments using birds (canaries and parakeets) 
showed that inclusion of the all-trans retinoic acid or 
the ethyl ester of all-trans retinoic acid in bird food ai a 
dosage of 30 mg per kilogram bird seed retarded the 
molting process. 

The present invention may be embodied in other 
specific forms without departing from the spirit or the 
central attributes thereof and, accordingly, reference 
should be made to the appended claims, rather than to 
the foregoing specification as indicating the scope of the 
invention. 
I claim: 

1. A composition for treating alopecia comprising a 
retinoid and a nrunoxidil compound, s aid compound 
being present in an amount of about 0.01 to 30 percent 
by weight and. said retinoid being present in an amount 
of about 0.001 to 2 percent by weight in said composi- 
tion. 

2. A composition according to claim 1 wherein said 
retinoid is Vitamin A acid. 



Controlling all of these variables is impossi 
blc. However, animals were selected and areas over the 
hind quarters were shaved in 2 inch diameter circular 
areas. In some of the animals the areas were treated 



topically with all-trans retinoic acid, and in other ani- wuiposuian aiso mciuaes a pftarmaceuticall 
mals the retinoid was administered orally in animal vehicle for said compound and said retinoid 



4. A composition according to claim 3 wherein said 
retinoid is Vitamin A acid. 

5. A composition according to clahn 1 wherein said 
composition also mcludes a pharmaceutically efTecrive 



6. A composition according to claim 5 wherein said 
vehicle comprises ethanol and propylene glycol. 

7. A composition according to claim 1 wherein said 



NH 



N 



OH 
I 

HjN C 
\ / \ 
C < 
II 

c 

R, C 

Ri 



wherein R| is a moiety selected from the group consist- 
ing of moieties of the formula 



R3 



chow. Some of the animals served as their own con- 
trols, using treated and non*treated areas. 

In fur bearing animals, the guard hairs and the pile '• " •'wmjjuwuun accora 
hairs differ in thickness, length and growth rate. In the 33 compound has the formula; 
rabbits studied, the guard hairs averaged 34 mm and the 
pile hairs 30 mm in length. The effect of topical applica- 
tion of all-trans retinoic add was to increase the rate of 
new hair growth. An effect on the non-shaved fur bear- 
ing areas treated with topical all^rans retinoic acid in 40 
lotion form, was a decrease in the shedding or mohing 
of fur. The mean rate of hair (fur) growth from treated 
shaved areas was 0.3 mm per day for 3 rabbits (mean) 
while in non-treatment shaved areas it averaged 0.2 mm 
per day (mean of 3 rabbits). 45 

The effect could also be demonstrated in domestic 
cats and dogs; the same type of experimental procedures 
were used. The most striking effect in long haired dogs 
and cats was the retardation of molting or hair shed- 
ding. Long haired dogs and cats tended to retain more so / 
hair in the anagen phase and there was approximately ~*N 
509fc less shedding during the treatment periods. Both 

methods of administration were satisfactory. Either * 
topical lotioti or cream ^tment or systemic treatment therein R3 and R4 are selected from the group consist- 
by inclusion m animal chow was sattsfa«^^^ 55 ing of hydrogen, lower alkyl. lowrafkST v^^^^ 
dosage for ammals was 20 mg per kilogram animal aralkyl. and lower cycloalky^. and togrther R 
chowor 10 to 15 mgapphed topically. and R4, may be a heterocyclic moiety selLtedS^^^ 
Commencally miportaat fur bearing animals were group consisting of aziridinyl, azetiLyl, pyrroSyl 

'^'^ l^'^r^l:^'^""'!"'!''^^ Piperidino, heiahydroazepink heptlefhyTenS 

closely clipped over the back hmd quarters. The am. 60 octamethylenimino. morpholino, and 4.1ower TyN 
mals wcretreatedononchrndquartera^^ piptrazmyl each of said heterocyclic moieties having 

used as the control. TTie microcapillary method for attached as subsihuems on the carbon atoms 0-3 lower 
measimng hair growth was used for these studies. The alkyl groups, hydroxy or alkoxy, and wherein R, is 
animate were treated^ two different methods. TTie selected from the group consisting of hydrogen, lower 
animals were cither fed the retinoid in their chow or 65 alkyl, lower alkenyl, lower alkoxyalkyl. lower cycloal- 
they were admmistered the retinoid topically. The daily kyl, lower aryl, lower aralkyi, lower alkaryl lower 
dose was 20 mg perkg ammal chow or 5 mg per day alkaralkyl. lower alkoxyaralkyl, and lower halo'aralkyl 
apphed topically. The resuhs of these experiments and the phannacologically acceptable acid addition 
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salts UKrcof, said retinoid and said compound being 20. A method according to claim 19 wherein said 

applied in amounts which are effective to increase the retinoid is Vitamin A acid 

" A*'*"'' f ' A gn ethod according to claim 19 wh erein said 

13. A roethod for treating alopecia caused by a short- c ompound is minoxidil (2,4-d iamino»^pineririinrr 

ening of the anagen (growing) phase of the hair cycle, 5 jyTimiaine-J-oxide). ■ — 

which comprises topically applying to the scalp a 22. A method according to claim 21 wherein said 

minoxidil compound and a retinoid, said compound and retinoid is Vitamin A acid. 

said retinoid being applied in amounts which are cffcc- ^* A j>ethod according to claim 19 wherein said 

tivc to stimulate hair follicles of said scalp to produce Jiompouna and said retinoid are appli ed m combination 

hair growth therefrom. with a pharmaceutically acceptable Vdllcle. 



14. A method for treating alopecia caused by a shon- ^ method according to claim "23 wherein said 

cning of the anagen (growing) phase of the hair cycle, * ^^">clc comprises a mixture of ethanol and propylene 

which comprises topically applying to the scalp a * «>u *u ^ r , 

minoxidil compound and a retinoid, said compound and ,< \rf method of claim 19 wherein said retinoid is 

said retinoid being applied in amounts which are effec- S^?, «7"P consisting of all-trans retinoic 

Sri^l,M'^'"'"?J"'"°''^ «i^'«0fl3<is:943^ds;9<isniSS7SeC 

Slid retinoid being appbed in amounts which are cffec- retinoic add; Vitamin At acid; a-Vitilmin A acid- v- 

tive to convert vellus hair to growth as terminal hair. Vitamin A acid; 5,6<poxy Vitamin A acid- de'hy- 

16. A method of rettrding shedding in fur bearing drovitamin A acid; anhydro Vitamin A add; and phar- 
animals comprising topical administration to the animal 2S maceutically acceptable salu of said isomer.' 

of an effective amount of a retinoid and a minoxidil 27- The method of claim 23 wherein said combination 

**"ponnd. farther comprises V itamin Dj or a Vitamin D3 deriva- 

17. A method of retarding molting in birds compris- tive selected from the group consisting of 1-hydroxy- 
iqg topical administration to the bird of an effective cholecalciferol; 1,25-dihydroxychoIecaldferol; and 
amount of a retinoid and a minoxidil compound. It24-dihydroxycholecaldferol. 

18. In a method for treating alopecia caused by a , The method of claim 23 wherem said combination 
shortening of the anagen (growing) phase of the hair Ju^her co mprises a h ormone selected from the group 
cycle which comprises topically applying to the scalp con«sungolestrogehs an d progesterones. 

an effective amount of a minoxidil compound, the im- „ , Z^J^ method of claim 23 wherein said combination 

iwovement consisting of said topical application indud- eompnses an antiandrogen selected from the 

ing a retinoid in an amount which is effective to increase ""^f oj cyproterone acetate, spironolac 

the rate of hair growth. to ' cyoc«>l. and decahydro- 

19. A method for treating alopeda caused by a short- sTa IShSfo'J^!^!- . 
ening of the anagen (growing) phase of the hair cyde. « enS. ofZ treating alopecia caused by a short- 
which comprises topically applying to the s^n » *"^of *e aMgen phase ^ 

.gg^— lLaLin^K^d«^^^^^ Sl!^°S:fc?„r;^^^^^ 

said retmSid t>eing applied in amounts which arc efTec^ increase the rate of hair growth "»eciive to 

tive to increase the rate of hair growth. * ♦ » • ' » 
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AB Oral non-steroidal anti-inflammatory drugs (NSAIDs) are effective 

S^vSoo^^^.'"?^ for a wide variety of painful, inflammatory disorders 
Development of an efficient means of topical administratio^ of NSAIDs" 

systemic soft-tissue and joint concns . while reducing 

fj?e^j^oJ°" °^ the drug, thereby reducing, side-effects . We studied the 
effects of a novel topical penetration enhancer for tuaiea tne 

hiS^v^^t"" ^ trans-phase delivery system (TPDS), a soln. of 

benzyl ale, isopropanol and acetone, on the dist-rihrn-inn «f • !i fu • 
in various tissues locally and remot; ?rof ^hf sitf of "ppUcation We" 
compared the TPDS with a 50:50 (vol. /vol.) mixt. of propKe 
glycol and ethanol, a commonly used penetration PY-^ene 
enhancer, and with oral administration. The TPDS was 
fo^^t^J"'^"^^^ superior to the other approaches at achieving high 
local-tissue concns. in the vicinity of the site of application in 
addn., comparison of these 2 carrier systems seems to clarify ?he 
different aq. and hydrophobic pathways of druq oenetration wMoK^ 
from various exptl. findings and theor. consJL^JJIoS Jhls non-af'' 
solvent system, and benzyl ale. in particular, because of i" Cnique" 
physicochem. and solvating characteristics, might be able ^o deU?er 
therapeutic levels of indomethacin to tissues close to the site o? 

fSs^f^SelWery^^'^^ ^"^^^^^^ ^^^^ P--nt1y accepted 

ST transdermal delivery indomethacin subcutaneous tissue 
IT Connective tissue 

tissues?"''^'^^'^^^ delivery and accumulation of indomethacin in s.c. 
IT Drug bioavailability 
Kidney 
Liver 

Transdermal drug delivery systems 
tissues) '^"''^'^^''"'^^ delivery and accumulation of indomethacin in s.c. 
IT 53-86-1, Indomethacin 

s'^ud^f^ ^Rjc°'(?^o:L^^rsii^'(Se"s;''^"^^"^^^ ^^^^^ 

tissues) ^^""^'^""^^ delivery and accumulation of indomethacin in s.c. 

" Ttullls 'lSo-IlT^B.n^S°^i'^i f'"?"^f ^'-^'-1' biological 
studies 100-51-6, Benzyl alcohol, biological studies 

RL: THU (Therapeutic use); BIOL (Biological study); USES (Uses) 
tissues) delivery and accumulation of indomethacin in s.c. 
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ABSTRACT 



A mctliod and compositiona for cnhandng absoiptioa of 
topic^y admiaistcied physiologically active agents through 
the ddn and mucous membranes of humans and animals in 
- a transdennal device or foimulation for local or systemic 
uw, con^sing a therapeutically cfifective amount of a 
pharaiaccutically active agent and a non-toxic, effective 
amount of penetration enhancing agent of the formula I or a 
physrologically acceptable salt thereof 



NK 
I 

R2 



wherein: 

R*, R*, R^ and R* are as defined herein. 

26 Claims, No Drawings 
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IS 



.■5^1.*^*^ ^ "«^*= Wood eolcentraUons 

those baying gastrointestinaJ absoipticn SiT.' 

requinaglteipiertcteiDgiooraloriiuectaUefonn. 

mtetantw «ueh « homwies. Often the wvivd 
Aese substancej m *e body are so short that they would 

CMtmaou,t«»s^ 

gmng them, and one that can mifflic the body-sown pattenu 

At pnsem. conmdled tansdemal thenpy appears fea- 

mcludiag. but nm hnuied to. eiiculatoiy piohlenis. honnone 
defiaenqr, respotoiy aihoems, and pain idief. 

PfcrcutaaeoM administiBlian can have fte advantage of 
penatdug contimioHs admiaistrajion of dn« to Sednni- 
todon over pmlo^ed periods of tine to otadn a umfoim 
ddn«y late and Wood level of drug. Commencement and 
«™«;t««>n of tog therapy are initiated by 1^ 
aiid removal of die dosing devices from ihe s^Uncer- 

tamfles of adnmaatralion thnnigh the gastinintestinal tratt 
and the mcOTvenience of administtation by injection are 
^ concentration of drug never enters 



COMPOSITIONS AND METHOD 
COMPRISING AMINOALCOHOL 
DERIVATIVES AS MEMBRANE 
PKNETBATION ENHANCERS FOR 
PHYSIOLOGICAL ACnVE AGENIS 

This Is a continuation ofapplicatiffli Sec No. 07/872,020. 
filed Mar. 19. 1991, now abandoned. 

FIELD (X7 -niE QfVENTION 

TUs invention idates to andnoaloohds and their deriva- 
tives as penetradon-cahanoen for pharmaceutical, agiicnl- 
tnial and cosmetic *ff<nta 

BACKGROUND OP THE INVENTION 

Many plqrsidogieaUy active agents are best applied topi- 
caUy to obtaui desirable resnlts. Ibidcal qiplicatian. in the 
ftmrf creams, lotions, gda.aohitions, etc., largely avoids to 
aide effiscts of the agenb and permits Idgh level concentrn- 
dons of the agents. 

Some therapeutic dmgs may also be administeied for 
qmemlc use through the ddn or odier body membnnes «unmaiea anceaMeh «mr«n«t»„ - 
mduding intranasal and intmvaginal qiplicatian of humans 25 STSXiiS^! '^^ 
and other animals. ntiliriagate«KleZldevice or 1^ bSiSS^ f^** overcome and mcta- 

lattd in a suppositonr orUSTSTpS^^. '"P"^- 
phannaccurical reseaicheis faste Goqght an effective means .^IT m applying phyaologicaUy active 

ofintiodudng drugs into the btaKlsti^ ^S^^Il^fr^ " tcansdennaUy is thai the skin is an 

to the unbroken skin. Among other advantages, such aih^ M !°7°/*.**™=f«^P«^ 

istiationcanprovideacomfortaWe,amvememaiids^^ iL^^i!?^®^ ^ comcum 

^f^*^ " ^S^r compacted and ofly and wWch prow 
efifemve haificr against gaseous, solid or Uquid chemical 

agttii8,whctheru8edatoneorinwatcrorinoil8oh«ions If 
a physiologically active agent penetrates the stratum cor- 
noun. It can lesdfly pass through the basal layer of the 
epidermis and mto the dermis. 

Althougji the effiectivencss of the stratum comeum as a 
barner proWdes great inotection, it also fnistiates cfforte to 
s^ty beneficial ^msdirccdy to local areas of the body 
Tlie inability of physiologically active agents to pencnaie 
the stratum comeum prevents their effective use of treating 
such conditions as inflammation, acne, psoriasis, herpes 
^ahs, herpes genitalis, eczema, infections caused by 
fungi, raises and other mioooiganisms, or or, herdisordeis 
or oonditimis of the skin or mucous membmnes or of 
conditions bencatii the exceiior surface of the skm 
membranes. He stratum comeum also prevents the skin 
firom absorbing and retaining cosmetic-type materials such 
as sunscreens, perfumes, mosquito repellents and the like. 
PhysidogicalJy acdve agents may be applied to the 
affected pans of the body in the form of a solution, 
oeam, buon orgd uliliang the vehicle system described 

^ also be delivered for systemic use 
UtiliKinD the vrftiVU .iret-^ * * j , '.^TTT . 



istr^on can provide a comfbrtafale, omvenient and safe way 
of giving many dmgs now taken oraDy or infused into veins 
or injected intiunuscalatiy. 

Usi^ skin as the portal tax drag entry ofifen unique 
potential, because tzansdemiBl ddiveiy pemtits close control 
over drug absorption. For example, it avoids factors that can 
cause uz^nedictable absoqition from gastrointestinal tract, 
including changes m addity, motflity, and food content. It 
also avoids initial metabolism of the dnig by the liver known 
as the first pass effisct Thus, controlled drag entry dm>ugh 
skin can achieve a high degcee of control over blood 
concentrations of drug. 

Close contnd ov^drag c ono e ntrati <m in blood can trans- 
late readily into safer and moie comfortable treatmeDL 
When a drug's adverse efSecCs oocor at higher ocmcentrations 
than its beneficial ones, rate control can msjimmn the con- 
centration that evoke ocJy-Hor pmtcpaDy die drug*s desired 
actions. This ability to lessen uod^ired drug actions can 
greatly reduce the toxidiy hazards that now testria or » 
prevent the use of many valnahie agents. 

Transdermal delivery patiadady benefits patients with 
chronic disease. Many such patients have difficulty follow- 
ing regimens requiring sevnal doses daily of medications 

»VlMt — . 1 ^ . m. » ... 



35 



40 



45 



that repeatedly dmse^pleaant symptoins. -nicyfind fte « vSi^^y^!^^^,^':^^^y'^'''^ 
«me 4^much more W«bteSldmi.dsS«l fa " StuSS^SS^SS'^P?^'''''^'^." 
t.»n«iermaIsystemthatTeqni»wtotioninfi«^ ^^Z^SSZ^^^TT''^^^' 

, .,, , ^.^^^ ^_ ''^f ^attefecdve to cany significant amomits of 

Iteisdoinal dcUveiy istaUWc for diugs effective in «o Phy^ologicaUy «ive agents into and Ummgh the aWa One 

rs!S5rSo?ro£fiSS^„"?i^ Sp^^g;»Jj5gi«^oxide.which?s described in 

•n^^tomaldeUveryrSSdn^swithUananSj t^^^J'^iS^SlZSA'^^caZ 
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15 



by combimng such an agent with an effective amount of a 
peneb^tion enhancer and applying the candnnaiion to skin 
or other body membranes of humans or animals, io the form 
of solution, cream, gel, lotion, or a translcrinal device 

My related U.S. Patent Noa. 4^61,638 and 4,762,549 
ce^c a method for enhancing delivay of plant nutrients 
and plant growth regulators, and my U^. PaL No. 4,525 199 
describes an improved method of pest coattol by enhancing 
pcsddde pem^atioa 

My related U.S. application. Ser. Na 218316, filed on 
Jul 12, 1988. describes a method for enfaanciog topical and 
traMdcnaal administration of physioIogicaDy active agents 
with memhcane penctraticm enhancers selected fiom 
oxazotidone and rdated heterocyclic cmqxnmds. 

My rdaedU^. application Set No. 07/348387, flkd on 
May 8. 1989 describes a method for enhancing topical and 
transdomal admxnistration of physioIogicaHy a^ve agents 
with yet another seics of membrane penetration enhancers. 

My related U.S.appEcations Ser. No. 07/393384, ffledon « 
Aug. II, 1989 and Set No. 07/451.124, filed on Dec. 15, 
1989, CXP.s of US. patent application Set No. 002,387,' 
filedonJan. 12. 1987, now US. Pfet No. 4376^49. describe 
a method for enhancing topical and transd^nna] administra- 
tion of physiologically active agents with membrane pen- 
etration enhancers selected from hetetocydk compounds 
containing two heteroatoms- 

Penetration enhancers for enhancing lystonic adminis- 
tration of therapeutic agents transdermally disdosed in the 
ait mdude dodccyl pynolidone, dimethyl laoimdde, dim- 
cifayl sulfoxide, dccyl mctbyl sulfoxide, ethanol l-dodecyl- 
hexahydn>-2H-azepin.2-one, l-dodccanoyl hexaiinethyleu- 
imine, 2-nonyM3-dioxoJane, fetty adds and their esters, 
sucrose esters etc. These agents may be used prior to or 
concurrently with administration of the active agent, see 
e.g.. US. Pat Nos, 4,031,894; 3,996,934 and 3,921,636. ' 



Rl 



R3 



H 

OA4 



23 



30 



NH 
I 

R2 

whcrdn: 

R is seteocd from H. and an aliphatic faydiocarfxm group 
wi^ from about i to about 20 carbon atoms, optionaUy 
contamii^ahetetoatominthehydiDcaibonctudn- 

^^Jlf^"^!^"^}!: °' 0<}aRS. where R5 is an 
ahphauc hydiDcaibon group with from about 1 to about 
18 carbon atoms; 

^o^.r^s^" "^^^ hydrocaxbon 

" aHcoyloxyacyl sroup with 
op to about 40 carbon atoms; ' o- r 

R3 is selected fiom H. an aliphatic hydtocaiton group. 

^LZJS "^"L nnsubstitu^ ^ 

substftnted with iiydroxy. acyloxy or alkylthio or an 
aiyl or aralkyl gxiup; and 

R4 is H or an acyl group with from about 1 to about 18 
carbon atoms; or 

nn.m'rJ^^-" ^^^-^^i^ ^ coTtibmcd to form com. 
pounds havmg a 1.3 -dioxanc ring, 



R. 
H 



I 

R6- 



J" 



35 



SUMMARY OF THE INVENITON 



40 



One of the main function of the eindermis is the produc- 
tion of a cohesive, relatively impermeable outer sheatL It 
has tieen known that from the time an epidennal cell leaves 
the basal layer to the time it is desquamated, the ceQ lipids 
chaise both qualitatively and quantitatively. Apknpholqnd 45 
is the most abundant lipid class in basal odl« whereas half of 
tte lipid in a desquamated cell consists of rmwi^^^ 
lipid content of desquamated stratum ooroeum cell £s 
approximately six dme that of basal cell. Tlie cfaaqge in lipid 
ooipposition of a cell undetgoirig mrnHif^^^ results so 
mainly fiimi de imvo synthesis of cholesterol, fatty acid and 
ocramide. 

Hds invention relates to penetranion eidiattcers closely 
related to the oonstiments of die epidemnl outer sheath and 
therefore interact with it without ineverofaie dtsraption of 55 
the barrier. Moneovet; these enhancers pottess an advant^e 
that they are expected to yield nonioxic, pharmacdogically 
inert inetabolites after pass^e dmnig^ the sixn and the 
systrauc circulation. The invention further rdates to com- 
positions for carrying physlologicany active ^ems through 60 
body memhianes such as sidn and mneosa for ittainii^ 
these agents in the body tissues and frzrther xdates to a 
method of adooinistcring systemicaDy and locaDy active 

agents through the skin or other bo(fy memhranes of humans 
and animals, utilirina a tranadcrmfll devfaft w fenmii^tjftn^ ^ 
containipg an cfl&sctive, non-toxic amount of a meofaranae 
penetration enhancer having the stxuctual frsmnh I: 



hv^S^^^ ^ are selected from H, an aliphatic 
fiy*ocarbon group uasubstimted or substituted with 
hydroxy^ acyloxy, or carboalkpxy, or an aryl group, or they 
may combine to form a carbonyl group h.« uwy 

or a physiologically acceptable salt thereof 
It IS understood that the aKphatic hydrocarbon groups in 
the substitucnts R-R7 may be straight or bian^hed^ 
smurated or unsanirated, such as straight or brandied 
chmmi alkyl, alkenyl or alkinyl groups. In the substimcnts 
where the hydrocarbon gctmp may contain a hctcroatom (R), 
this heteroatom usually is S or O. 

It will be readily appreciated by those skilled in the art 
!?k;K^f^ compounds represented by formula I may 
exhfelt optical and geometric isomerism. However, where 
no designation of isomers is specified with rcspea to the 
compounds of this invention, it is to be understood that all 

possible stereoisomers and geometric isomers fEandZ) and 
raamic and opticaDy active compounds are included. 

It wiU also be readUy appreciated by those skilled in the 
art that certain of 6e compounds described in the disclosure 
may fbnn salts with carboxylic and mincial adds and it is 
understood that all such salts, in particular the physiologi- 
cally aocq>table salts, are included in the invention. 

In one preferred embodiment of I, R is an alkyl group with 
from 1 to 20 carbon atoms, Rl and R3 are H. R2 is an aCTl 
group with from 1 to 30 carbon atoms and R4 is an acyl 
group with from 1 to 18 carbon atoms. 

In another preferred embodiment of I, Rl is -0-C0.R5, 
"''^f^t,^ ^ Snmp with from 1 to 1 8 carbon atoms 

andR,R2.R3andR4areasdcfincdabove. 

Yet in another preferred eimbodimcnt of t Rl is OH. R2 
IS H or acyl. R3 and R4 are H and Rl and R4 arc combined 

to form a 1,3-dioxane rii^g and R, R6 and R7 arc as defined 
above. 
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'ftt «D another piefened embodiment of I, Rl is <m,R2 

aqrloxyalkyl or alkylthioalkyl. R and R4 « H and Rl S 

R4aiB wrtimodtofonna l^^xaneiing, wlwBinReaid 
K/ are n defined above 

^ ^ ^ phytiologicaUy active «genu 

are casrled ibrough body membnuies by die claimed pen- 
etntem enhancen and are retained in the body tissue when 
Vpted toplcaUy in fbnn of a cream, gd, or lodon or 
«MOrt)rf synemicaUy when 

derml device or formulation, for eample, as a traasdennal 
V^ »«Bt Ml or vagioa auppositocy, as a oasal nimy at 
whn tanponted in a vaginal sponge or tampon. 
TOsm vtmion also relates to the problems such askin 

mtabm airf aldn sensitization that are commonly associ- 
ated with ranveotional penettatian enhancers found hi die 

pnor aiL Snce the oon^wunds of diis invention are slnic- 
teally doady related to 4e oeamides. the lipids primadly 
PJ^ttm flie layers of the ikin, it ii believed that skta 



10 



15 



^ ^J-a^^'^ ^""eis a»d Whitesides. J Ore 
368 (1986) and references cited thetete; Schmidt and Zim- 

^niio 2Sj3R 13^01 derivative of compotmdTao^- 
«de. has been synthesized by JnlinTeL al loTrfl 
Ooinp<Kmd 7 is the dihydro derivative of comp^mid 6 ^ 
the 2S^R uomer has been prepared by Roush and Adam. J. 
Org. Chem. 50 3752 (1 985). Ite E isomer of the^ 
itoeoisomers of compounds 8 and its conesponding l-hep- 

S^rSr'^.^JSr* ^ synthetiSnS^a S 
lOsft, JPN. Kfdcai Tbkyo Koho JP M.207,247 f87S>7 2471 

Q^SDa IWdnTians. 1. 1687 (198Q idbSh B rS Z 

wTS^ by Kisoet al, Carbohydt Rei 

^V^V^^' °^ 5. 33?(1986). 

4Rj5S isomer of Compound 9 have been prepared by 



taJtton-an^siSS^ ^ /%St^t&)'l„^' "^^^ 

with the use of these compounds as eahanoas faSe tIl!^Lir, , 

^^compounds as enhancers in the ^^"^.o^^Comp^^^ 



tfagapenfe cpmp^tfpm 

tmneadan further relates the penetradon cnhanoerf 
tncmsdvcs and thdr niBthod of making. 

DBIAHJED DESCRIPTION OFTWE " 
INVENTION 

^ TVp icri examplca of compounds included in the foaefloang 
fonmila I of this invention arc the fellowii^g: 

1) 2*tonqylananododecyl ethanoate » 

2) 2rOaanoylamlnododecyl octanoate 

3) 2<ktadec-9-cnoylaxninododecyl octadec-9-cnaatB 

4) 2pOctBdeo-9^ylaminododecyl 

5) 2 <>r t mteca noylaminooctadec«4-eiiyl-1 ^iwitR thimfffl tf 33 

6) 2-Eaianoylananooctadec-4-eayl U-dicthanoatc 
7} 2-EthanqyIamiQooctadecyI l,3^ethanoate 

8) 5-Annno.2J-dimethyJ-4<pentadec-l-€nyl>-13-<Eox. 

40 

9) 5-Annno-2,2rdimethyl-4-pentadecyl-l,3-dioxane 

10) 5nAmin&4-(pcnladec-l^l>l,3^oxan-2pone 

11) 5-aniim>4-dodeGyl-13-dioxaa-2-ODe 
1?) 4-Dodecyl-5-«thanoyIamino-l,3-dioxan-2-onc 

13) 2r£tbaDoyEaininododecyl octadfic-9-eaoatB 

14) 2rEdiaQoylBmixio-3-octadeey]oxypn)Fyl ethanoate 
la 5 -Amino>2,2HiimethyM-(2,6, 10>14 -tetnunethyfticn 

tadec3rl>-U-dzoxan8 

1© 5-Ainnu>-2^^iimcthyI-4-(2,6-dimctlyI-5-l«^^ 
13'dffflnuie 

17) S«nmo-5-ethyl-2-undecyI-l,3-dioxane 
Ig) 5«mno-2,2Hiinxeftyl.5-undccyi-l,3-dioxane 
1?) 2.2rDimethyl-SdDdecanoylanuno-5-ethyl-l,3-fei- 



45 



so 



5S 



.2© 5nAmino-5^1-2-(3-hcpiy])-13-diaxane 

21) S-Amino-5-hydn>xymtthyl-2<3-hcp^I>l,3-<fiaBBc 

22) 5-Aniino-5-cthyl-2<arbobiitaxycthyI-2-methyl-lJ- 



23) 54)odecaaoylaniino-5-nicthyl-13-dioxan-2Kine 

2fl 5-Amino-5-undecyl.13-dioxan-2.onc. 

The ftiUowiqg compounds, encompassed by genctdfiir- 
nudal of this invention are known in the Uteianixe. 

The ^ jSjR isomer of conq)ound 6 is the txin^ 
derivMiveof natutaUy occunimg D-erythro-Sphin^osmemd 



65 



alfa»Jolds, Compounds 15 and 16 haw been 
pn^red^ Umcmura and Mori, Agric. BioL Chem., 46, 
lW(1982)asmtcmicdiatcsmthe synthesis of spmghoslm^ 
mlogs^mpoond 17 and related S-amino^i^Knes 
SiTCf^i^ Amer, Chem. Soc. 63, 

205 (Wl), fljid, 65, 1656 (1943) and Pbl No- 
2.247,256. 2^60.265, 2J70486. ul^m/^dSk^^ 
evaluated as coating compomids, as imennediates for the 
prq^jm of insecticides and surfiace active a^ and as 
2.485.987 and by CTA Ltd! 
ft-M57767, as imennediates in the preparation of isoni- 
totes usc^ inMctiddes, acarlddes, ovicides, hcrWcides, 
ftmgiddcs. bactcncides. and moDuscicides. RoMnctte, U S 

the J-amino-U-dioxanes as wetting, penetrating & cleans, 
mg agaits for various textile and leather treatments. The 
2-unsubstituted analog of Compound 19 has been utilized by 
Tutket, U.S. Patent No. 2J27.078, as an ingredient in 
deaeigmt mixture for inhibiting the prccipitalion of lime 
Bo^. Compound 20, 21 and analogs have been pzepaied 
and investigated by Senkns for tosecUcidal pcopertik Com- 
P^*^^ Worey, U.S. Pat No. 
2.415,021. Ahphatic substituted 1,3-dioxacycloalkancs. 
without the prerequisite amino or substituted amtoo fimc^ 
tionaluy of this invention, have been disctoscd as skin 
penetration enhancers by Saznour and Daskalakis. Euc Pal 
Appl EP 268.460. 25 May 1988 and particularly, 2-m)nyl- 
1.3-dioxoIane, Proceed. Intem. Symp. Control Rd. Bioact 
M«ter. 17, 415 (1990) and references dtcdtheiri^ 
Tb my knowledge the other compounds are novel 
The use of the conqwunds of the present invention as 
^^^^"^^^ in drug ddivccy is. however, novd 
and not predictable from the prior art 
Tlie minoaloohol derivatives covered by the general 

STii!lf^ ^ ^ known 

to the Uterature^and are hereby inoorporaw 
For sample, Ohashi et aL, Tfet Utt 29, 1185 (1988)' 
Fm^is and Whitesides. J. Org. Chem. 52, 2838 1987); 
Nakagawa et. al.. Ifct Leu. 6281 (1987); Hino ct al., J. 
Chem. Soc. Peridn Trans. I. 1687 (1986); Koike et al.. 
Qffbohytt res. 158, 113 (1986). Kiso et. al., CWxAydL 

ri^ 5;J^L"^l.^^ ^' ^^y^- Chem. 5, 335 
u^oo;, acmmdt and Zmmiermann, Tfet T m 4gi n986V 

S!*?-^L*^^- °^ Acta 69, 368 (1986); Roih and 
Mam, J. Org. caiem. SO. 3752 (1983); Benet and Vasella. 
Itt Lett. 24. 5491 (WSSXChandadmrnsrandHajdu,"©? 



4 
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Chcm. 48, 1197 (1983); GarigipaJi and Weinreb, J. Ama. 
Cbm. Sot I0S.4499 <1983); Schmidt and Klaeger. Angcw 
Chan. SuppL 393 (1982) and Aagcw. Chen».Iat Ed. 21. 982 
(1982); Umomia and Mori, Agrlc. Biol. Ouan, 46, 1797 
( 982); Saitoh a. iL, Bull. <3jeni. Soc. Japan 54. 488 
U981); Newau, J. Amer. Chcta Soc9S, 4098 (1973) and 
Shapiro .«. aL, J. Amer. Chem. Soc. 8a 1194 (1938) In 
addition, the acetal and ketal. derivatives of 5-amino-I 3- 
<«oxanecaabcpre|iaredftoiathcnitioaJcol»Is aocwdingto 
UB method? of Sehlais mentioned earlier and the cone- 

spondingl-oxo derivatives by processe* known for carbonyl 
SKtvp ingnit i w ai iii B t< M thoM outiiaed in my pcadiu U.S 

application Sec No. 218316. filed oo M 12. 1988. followed 
by hydrogeaatiea of the nitro group. S-Acylanano-lJ- 



8 



10 



S '^"''^n. clotrimazole, miconazole and 

rdaednmdazole antifungal agents, pyndnitrin. saKcyhc 
a^Jfemone. ticlatone. tolnaftatc. triaceiin and zincS 
•odnmjnjrithione mqr be eomWaed with the compounds 
jMofted hoetn and topically applied to affected areai of 
the toi. Fbr example, fbnglatatic or ftiagiddal aeems so 

.tt "^"S" comeSliS 

l*otby saoDMsfyiy treat fangos-caused sldn problems. 
Tli«e,agent». thus applied, not only penetrate more odcWy. 
but addiuonally enter the animal tissue in high concemia- 
SJJ^""^ ^" lubstantiaUy longer time periods 

, composition may also be 

'°f?«i<»» on the .kin 



compotmds with an appropriate carboxyUe acid dS^ dennatopfaytes which cause athletes 

according to the weuSdSdiedlSs in tt^ S^J^^ •'^.^^'^''^T?^ '"'^^ 

5-Amino. W^liaunes with other «.bstit«ent.^£S """^ 
can be prepared by the treatment of the said nitro ^hols tL^^^I^^ 

with compomiii coittalning a caibonyl group ai?ttS so ^ ^ »Wn 

desired functionality. tee^e!«ffLE^ " ^ associated wiA the 

ooflinedbyMb;^'ther3ll»to" SeSS« SLSJ'^"* nxay be treated with a cream of 
outtined in my pending U.S. application Ser. Hi^^ie Sf^El " in combination with one of 

filed on M iTwM are! d^vatized to woJis rf *T P^""" ^ 

formula 1 compounds of 2?|»»2i^c1If^ "P?^°^^^^ '^'nbined with one 

25 ofteahancen^Skm problems such as psoriasis inay be 
totted bytopical application of a conventional to^cal 
stmndfamulated with one of the enhancers or by treatment 
Mth methoirexate incoiporated with oneof the enhancers of 
ttas uvenhon. Scalp oonditians such as alopecia areata am 
J^^'^'y by applyij^ agents such ^ 
mtoxm m combination with one of the enhancers of this 
invention direcUy to the scalp. ««™cr3 oi ims 

The stdgect composiUons are also osefiil for treating mild 
ecMffla. for example, by applyiqg a formulation of Huoci. 
noloneacetomde or its derivatives; hydrocortisone or triam- 
.OTolmcB««eincoiporHtedwlihoiteo^ to 
tee aroeted area 

BxanplM of other physiologically active sterdds which 
be used with the enhancers include conlcosterolds such 
as. forexan^le. cortisone. corto4)xooe. flucetonide, fludro- 
cmtsone, difluorasone diacetate. flurandrenolone acetonidc. 
medtysene. amcinafisl. amcinaflde. betamethasone and its 
cstas. diloroprednisohc. clocorelone. descinolone. des- 



The OMi^xniiuls of the present invention may be used as 
pcDctratfon cdianocrs in tbe same manner as described in 
my U S Pat No*. SfimiS: 3.991.203; 4.415^63; 4,122. 
170; 4,316,893; 4^,616; 4^15,563; 4,423,040: 4A2A 

fV'^.'2^ ^^^^ and U,S. applications' 30 

Sen No. 218316. filed on Jul. 12. 1988; Ser. No. 07/348^87 
filed May 8, 1989; Sec Na 07/393,584, filed Aug. 11, 1989 
and Ser. No. 07/451.134, filed on Dec. 15, 1989, which are' 

Hxe oompoimds of the present invention are useful as 35 
pctictration enhaooos far. a wide range of physiologically 
acdve agents and fbt compositions disdosed herein arc 
useful for topical, and tnmsdrrmal thoapeutic qjplication of 
these agotts. TJ^rically systcraicaliy active agents which 

may be deUvcrodtiaasdcrinany are therapeutic agents which 4o 
are sufficiently potent such thai they can be delivered 
through the sldn or other membranes 10 the bloodstream in 
suflBciem quantities to produce the desired dierapeuiic effect. 

antibiotics and^antiviial agems. ^g^SZ ^^^ S^S^wrot'^'J""^^^^^^^^ 
combinations, anorexics, anthelmimic8.antiarthritic8 antt Huperolone. flupredmsolone. mepied- 

a«hma agems. amicoi^U sants, antldeS^s, ^^fX SSd'SS:^'"^ P«Bmethasone, predniso- 
beticagem8.aiiliaiaaiieals. antihistamines, anti-mflamma. TlieaiW^^t..,>:«, . 
toryagen,,..ntimigminep«paration,.antimotionsiclmess. 50 chS^ 1?Tr ^r?' S '^'!f.'^ 
antinanseaTils. mtineoptostics, antipariftneonf sm drng< anti. tmmi^ilTTi ? treatment of skin condiUons 

pruritics, aa^SS aSS^Si^^S^ ^S^^^V'^'^'^'^'^'' '^^ 
including gaslreinteslimd and Jrinaiy! antictoliS iSS ^SJ„?J5' '"venhon include sul fonamides. 

^^^^^l^^y'^^''^^^ erythromycin eihylsuccinatc. 
oythromyOT lactobionate, lincomydn. clindamycin, tetra- 
22;n^ chlortetn,^^^^^ ^ 

m^ychne, oxtcctrat^cline, minocycline, etc. 
^.iJ?!!^'^ compositions are also useful in protecting 
ul^-sensitive skin or even normally scnsiU^^ 
toiageOTdiscc^ort d Tim. actinic derma- 

^iZl derivatives or benzophenones in 

eombmatm with one of the ehhffl surfaces that 

are to be eqjoaed to the sun; and the protective agent will be 



vasodilators indodiqg general, coronary, peripheral and 
cerebral; oesttBlnervoos system stimulants, cough and cold 
prepa rations, deeongestanta, diagnostics, hormones, hypnot- 
immnnosuppresrivBS, muscle relaxants, parasym- 
patholytics, paraq^nqathorahnctics. sedatives, tranqmKzcrs 
and antiosteopoms is i^otts.. 

The subject, compt^tfcms are also useful for topical 
application <tf many physiolqgicslly active ageotg In com- 
bmaOon with amqioands of this invention. 

Pur^istatic and ibi^tl^ such as, for example, 
thiabendazoJ^difanixine; an^tcridn. candiddin, fungi- 
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levels of an tephysiolojically actiVe agents, without con- 
jomi vtte of penetration enhancingloiSof f^- 

conveimonal teage lewis conespond to the upper ranse of 
dosage levdifcr compositions iSudiag a pSSSSly 

or other amaalw the period of tiM 

.fS^ff^'*"" *™» 8« wea as other 
particulady pets «d other domestie 
vaiy with the potency of each 
VSteffl^oIly adife sabstance. the anuma^^d forS 



omed into the stratam comeum mote Buccessfiilly and will 
ttcr^ be maincd even when exposed to water or was^ 
log Rir a substanriaUy longer.pcriod of time than when 
^pUcd to the skin in convonksial veMdes. Hiis invention 
is partiadariy useful for ordmay suman lodons used in 
activities involving swimming because the ultraviolet 
screening ingredients in the canicis arc washed off the skin 
when it is immersed in wata. 

Tbe subject compositions may also find use in treating 
8C» tissue by flying egoits wMcfa soften cdlagen, such as 
aminopropiomidle or penicfUsntfitB combined with one of 
the enhancers of this inventicm topicaliy to the scar tissue. 

Agents nonnaUy applied as eye drops> car drops, or nose 

drops are more cffixtive when comimied with the enhancers 
of diis invention. 

Agents used in the diagnosis may be used more effectiveJy 
when applied in combination with one of the enhancers of 
ttsis invention. Patch tests to di^i^ allergies may be 

Reeled pnnnpfly without scntt^ «i«i«aiwnoiincautet«K«^ 

the area siibjected to an alksgea when the allearcns are 20 ArhS^ZS^.S^^^*®^ 
appliedwithoneoftheciSofSStS S ?i22^^±.!f°"°'^f?^^ 

TJe subj^ conjositions are. also usefld ^topical ftrSSj^i,^ 
Wlication of cosmetic or esthetic igenta. Fbr exaimile. i«^7I^/^7-^ ^ ^ end of the 
^mpouodssucbasmelanh^stu^^ S^y^tf^d^sS^ 
dilydioxyacctone and the like are more effiwi^ fiom tte^bsSS^^^^ 

to the skin to simulate a suntan when they are 

combination with one of the eofaanoets of this invention. lC mM«,, w«*.v . 

Dqngmenting agents, such as bydroquhione. whlchS ooSd/^S^T^^^l^'S??*^^ 

and hyperp^gmented riSTZTeffective S K^^'SSi SSTf ^JS^^ 

oombmcd with cme of the enhaaomrf this faivention. Hair 50 T^flLoI^^^ 

dyes also penetrate more comirtetoryaiStSS^ SSJSSitS^ 

inonponted with enhan^J^ds inventioT'^S ^S^^^Sl aSS:^C^^ 

enhancers are also usefbl in the compositions cantaininft uscAeSw— OcnoaUy, for topical 

itinmoismrizing agents. oomnming ^^T^^J^ 

. Tltceffec^venessofsuchtc^ap^^ 35 SSiS^SS^a^c'l^^ 

insect repelhmte or fiagranccs. sudi .3 perfumes and penetration SS^hSSJS S^^ 
coloffies, can be prolonged when such agents are applied hi ^cTfem^ri tol^^ "1^° 
combination with the vdadet of ddshivention. i^K^Jr^Zt!?!-. ^^ . vmeat althongh adequate 

B is .0 be eniphasiaed that tTft^are Sf^'SSTTsS "^^^-V^^ 

exainples of phyiioU^ically aeti« ngeats induding ao fonnuhSm" KliveLpoJSiSl ^ 
peotic a«l cosmetic agents baring known efecufoTknown iSoSmSSS S^^SfS^ 
conditioiis. which may be used n»» efiectively for their mdon 2f " T*'" 
town pcopetties in accontence with this invention. P^^^^JSiX ^^^"^ ^^^^ ^ 

TT»eterm'^ologicaIly.ctivBagent"Uusedhe«into SSSSHiw^S^ iSL^J??^ 
refer to a bioad class of use&l dSd «id therapeutic 45 SKfiiS^^^i'*,?^'^ 
«««,^incIudingphy.idogi«nyj«^^ J^l^'L'S^^^S^^^'^- 

Ointments, suHMsitoncs sprays, aerosols, buccal and sub-' 
hngual tthlets avi any one of a variety of transdermal 

administratian of sysieml- 
cally active dmp by kbsoipdon through the skki, oral 

of U.S. Noil 3,598,122; 3.598 iSTsTO^. 

4 077,4(n andthefcrc^mng patents also disclose a variety 
of ^jecific systaacally active agents which may also be 
useM as in tmlermal delivery, whidi disdiirBs we 
hereby mcoipon*dhcrcb by this n&nsncT^^ 

The pcMtraiiiB enhancers of this mvention also te 
used m admixtw widi other penetration enhancers dis- 
closed cmlicr aad incorporated herein by reference. 

Typical inert caziiers which may be indnded in the 
SSSfi^^f™ inchide conventional fomnilating 
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anti-fungal agents, nntihartrriaT agents, antineoplastic 
agetits, allergens, antf i nllamnmniy agents, antiemetics, anti* 
pruiitic agents, antihistaminic agents, vasodilators, expec- 
torants, analge sic s, antiosteoporons agents, sunscreen com* 
pounds, andacne agents, collagen sofiening agents and other 
similar conqx>unds. Cosmetic agents, hair and skin dyes, 
naitirBl and syzxthetic hormoon, perfimies, insect re|)eUen^ 
diagnostic agctits and other sinfa conqxnmds may also be 
advantageously formulated wxfli diese peaetratioii enhanc- 55 
m. 

In addition, these memlxabe penetration oihaiicers may 
be used in ttansdennal qipiiicatiam in combination with 
ultrasound and iontophoresis. 

Moreover, these penetration cnhanoera are useful in agri- 
cultore in the api^cadon of fertflilm, hormones, growth 
factors including miaanutiiBnti; insectiddes, mollusci- 
ddes, arachides, nematoddes, lodnmfnfdes, hertnddes, and 
cither pesticides to plants, ammals and pests. These penetra- 
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tion enhancers are also useMfapei;^ of S^s^lSSSf^^ 
tiients and diemical bybriifiatidn agents in seeds for ^^re~S^ 
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a^Ai auch M lauric, oleic and llnoldo add, carboxyUc acid 

cstffs such as isopropyl myrisiaic, diisoprropyj admate and 
glycayl deate. acydic and cyclic amides induding N-me. 
tfayl pyiToIidone, uxta, fosons, PEG.200, PEO-400, Pol yvi- 
nyInTroIi^one,togran^ 5 
Carbopol , steaiyl alcohol, stearic add, spcnnaccli. sorbi- 
tan monoolcatc, sorbital, '^olysorbatcs". •TVvccos'', methyl 
cclliilose ttc.. antinucrohial agcnt/ixreservative composi- 
tlw fndiuHngpaiabcns, bcnryl dcohol, potaaai^ 
st^c Md- a mixture thereof and amioxidani such as lo 
Btw or BHT. The dosage ficTO may iactodea coi^ 
such ashydrocoitifioo, to prevent skin lensidzatiQn, a local 
anaesthetic such as lidocaxne ot beozocafaie to sopmess 
local irritatioa 

The examples which foUow iUustiatB the penetration is 
rahancere and the compositions of ihc present favcnlioa. 
However, it is understood that the exanqiles are intended 
only as illustrative and are not to beconstraed as in any way 
lunidng to scope of flils invention. 

EXAMPLBl 

Preparation of 2-Ethanoylaminododccyl ^hanoate 

lb a solution of 4.1 g of 2^aminbdodecanol, 5 c of 
trietfayiamine in 100 ml of didiioromedianc was slowly 
added 3,2 ml of ace^l chlortde. ITie reaction mixtnre was 
fitrod for 3 hours and then queochcd by pouring into ice. 
Ibe aqueous sohttzon was extracted with dtddoromethane 
TOe organic layer tos washed with water; brine and then 
mod. fihcTBd and concentralfid to 5.7 g of a waxy solid 
Rccrystallization fnwn^ther/hexanc gave 4.22 g (J2JZ%) of 
the desired amidoester as white crystals, lop. 77*-79*> Q 

EXAMPLE 2 

Preparation of 
5-Amino-5-ethyI-2-carbobutoxyethyl-2-methyI-l^. 

7.4<>gof2.nit«>-2rethyH.3*piopan«tiol.i6Ig of butyl 40 
levulinate. 50 of p-toluenesummic add in 50 ml of 
tducne was refluxed until no more watff sepaiatcd. The 
reaction mixture was cooled, washed with 2% sodium 
btcarbonatE and water, dried and concentrated to give 13.65 
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J n -178 c. to give 8.7 g of the pioducL 



g of the pioducL 
EXAMPLES 



Preparaiicm of 
5-Amino-5-ethyl-2-undecyH,3.dtoxane 
^J1[^^?I^ of Exanqjie 2 was rt^jeated with 9.216 s of 
I^ST^. H-^^"^ Icvulit^give 13.4 g of tte 

M^P'^^J''^^ derivative. Hydrogcnatiori foUowed bv 

otSe'^Sl ^"^^"^'^^ ^^^^ 



EXAMPLES 



Preparation of 
cryth^c^5-Alnino-2,2.diIncthyl^[(^)-pc□^ 
lt3-^0Kane 

nsir* nteoethanol was added to a solutioa of 22 g of 

tricthylaffliae under m 
mat aanosphere. Tbe mlxtuie was stintd and the reactioii 
was followed by ti.a After4day8 the leacUon mk^^ 

J^^- ^ 51b Ha water. 

cteoaatographed (sflica gel: hexane/eaiyl acetate. 7-3) to 
gnre 2L2 g ofa inixtu« of ttoeo- and lyJ^ZS. 
20.9 g of the tsomenc mixture. SOO ml of 2.2^methox. 
ypropuc and 100 mg of campior-lO-sulfoi^ addwL 
r^xed ovemfght under aij iaeh atmosphere. The reaction 
mature >m cooled, concentrated and the residue was dis- 

^^^Z,^^^^"^^- '^'^ solution was 
wahed with bicaibonate solution, water and brine. It was 
dned and concentrated togive a mixture of acetooldes which 
diuolved in benzene and the solution was refluxed for 
8 houre in presence of Merck silica gel-60. Tlie mixnire was 
filtered and fhe silica gel was washed with warm benzene 
nje fiteate was concentrated and the residue was chromato- 
graiflied to give 16.7 g of etythto-nitro acetonide lb a 
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g of 2-carbobutoxyethyl.2-methyl-S-nitio-5-ethy|.13-diox. 45 suspension of 5 g of lithium aluminum hydride in 200 ml of 
ane as a light veDow ofl. TTas was disstdved in $n mi nf THF was. added dionwisi-. <• .«i„f.--» ,^ ^ . .7^. 



ane as a light yeDow ofl. TTas was dissdved in 50 ml of 
ethanol and hydrogenated over 1 g Raney VSM catalyst at 
60 under pressure. Distfllatioa of the cnide matoial at 160* 
C73mm gave 11 g of the product 

EXAMPI£3 • 

Preparation of S- Amino-S-ethyl-2. ( 3 -heptyl } 
-13-dioxane 

Procedure of Example 2 was repeated , with 6.41 g of 
2-ethylhexanal in place of butyl levnimate to give 1 1.6 g of 
the S-nitro-l,3-dioxane, which was ndooed and distilled at 
135M37' C/10 mm to give 9.23 g of the pndiict 



IHF was. added dropwise a solution of 16.7 b of the 
aythiD-mtro acetonide in 100 ml of THF at room tempera- 
ture. Tte reacton mixture was stirred for 8 faoun and then 
excess LAH was quenched ^ith water. THF was removed 
50 unow reduced pressure, the residue was diluted with ethvl 
acetate md the mixture was filtered. TTie <S hyer Z 
2^TtlS^ wift water, brine and dried. Coientra. 

aythro-5-Amm^4-[(E).pcntadec-l-enyl].U-dioxane as an 



EXAMPIJB7 



EXAMPLE 4 60 

Plantation of 
5-Amino-5-hydn)xymethyl.2-(3Jiq«yl)-13^lioxane 
Ptocedure of Example 2 was repeated witih 6.41 g of <s 

2- ethylhdcanal and 7.56 g of 2KbydiiwynethyJ)-2-nitio.I, 

3- prbpanediol to give 1 1 g of 54]itn>-5^lQ«hD][^ndIvi-13- 



Preparation of 

crythro-5-Amino.2^-dhnediyM-pemadecyl.l.3- 
' dioxane 

3 g of tte material obtained under Bxanmle 6 was 
dissolved in 50 ml of mechainl and l^drograati^ over 100 
mg of plaiinnm oxide catalyit, FfltiBtioh and concentration 
gavelS6gofanoiL uwuuuuon 
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EXAMPLES 

Preparation of erythro and 
threo-5-Amino-2.2^Iiinetlvl4-(2,^ 
hq)tenyl)-13Klioi»me 

Tb a mijanic of 11 J65 g of rnocmlc dtroncM airi 
g of 2^niiroclhanol was added mg of KF and 1 JJ g of 
tett-o^jutjflainnwirium hiomJde b 75 ml 
tfaendit nre waa stirred at room tanpcratxuc under an inert 
atojtee. After 24 hooa die rtaction mixture \mpoi^ 
MP ic e-cold water and extracted with ethet TTie 

caract was washed with water and brine, dried and conxo- 
ttafied to give 15,6 g of isomeric rnxxtore of 5,9Hiimetfiyl. 
24tttR>5.decene-1.3-di6L .'^wivi 
A nriame of 14,715 g of the nitrodidl, 18.75 g of 
Wdnncthoxy-pK^HDe ind 30 og of p^oeaenilfanic add 
wl»nil of toluene was bested to reflux and water was 
xcmoved by azeotropic distillation. The teactioD nditut 
w cooled, dihited with ether and this was washed with 
WBfi^hxine, dried and oo noeuuiie d in vacuo to give a 
yeaow oil Tlie two isomers were separated by chtomfiog- 
laplqr on Merdc silica ^ 60 and scrfution wife beozeDc 5.9 
gof equatorial isomer was obtahied first foUowed fay 75 g 
cfixiai isomer, bodt as pale yellow oih. 

Tb an ioe-ccOd mixture of 4.5 g of fee equatm^ nitro ^ 
Monw in 210 ml of ether and 133 ml of water was 
famy prep ared amalgamatrd Blnmimmi under stfarimt. The 
^^BT^Bof the icacdon mixmre was allowed to come to 
naom temperature and then it was stiiipd for an addMoosl 24 » 
faoan. The reaction mbdure was filtered feroughcclite and 
fee fiher cake was Ihoioughly washed with cfeci^The fitaate 
was co pcentratcd to give an oil whkh was passed tfamngh 
aaitiala hanina to give 3 g of etytfani iaomff of 5-Bmmo.2,2 
■tofeyI-4-(2,6-diinrtlyl.5-hBptc^ 
cAss dL 73 g of the axial nitro isomer was sindady 
recfeeed to give 4.99 g of the fereo isomer as a coloriess oil 

EXAMPLB9 

Fteparation of 2-OctanoyIaminodode^l rv^nniiHi f ^ 

lb a solution of 2 g of 2-aminododecanal, 3 g of ttied^- 
l^SBiac in 50 ml of dicUoromethane is added 33 g of 
odanoyl chloride. The reaction mixture is sttned ovemigfat 
and feen quenched by pouring into ice. This is extracted wife 
diddot om rthan r and the ozgsnic solution is washed wife 
aqueous bicarbonate sohititHU water and brine. The organic 
phae is dried over Tnagnmrinm sulfate, filtered and coMen- 
ixated to give 3.8 g of the product 

EXAMPLE 10 ^ 

Reparation of 2-Octadec-9-ecoylaiziincdodbcyl 
octadec-9-enoate 

Esoqile 9 is rqieated under identical ooncfitioiB wife a 
sotntion of 2 g of 2-amuiodod6canoL 3 g of ttietlQlafflinein 
50 ml of dichloromethane to wliicfa is added 63 g of oleayl 
chhuide. The reaction mixtore is worked tqi as nn ^fr 
Example 8 to give 5.1 g of product 

EXAMn£ll 

FteparBtion of 2rEthas0ylamhiododec34 
octBdec-9-eD08te 

Tbaadntlonofl43gof2*ethanoy!ammododecana],3g €$ 
(tf trktfaylamine in 50 ml of dichlorometiume is added 3.2 g 
of okog^ cfaloiide. The reaction mixture is wodoed qp as 
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under Example 9 to give 4.2 g of product 

EXAMPLE 12 

' Preparation (tf 

2^-Dimefeyl.5Kiodecanoylamrno.5-cfeyI-U-diaxanc 
2^DitncfeyI,5-aminD-5-ctlvl.U^^ i, acylated 
S^J^^^i"".!^ mcfeylene tfeloride in fee presence 
10 Of DOC and l-bydroxybenro-triazole. Rltration and con- 
centranon gives the product 

EXAMPLE 13 



Preparation of 
5-IDodecanoyIamino.5.mcfeyl.UHdioxan-2^ne 
A solmion of ^mefeyI-2-mtro.l3-propanofeol and eth- 
JL-f^^**'^?^^ heated ovcmfeht Tlie reaction mixuire is 
dikted wfecfeyi acetate and fee solution is washed wife 

3-methyl-5-mtiD-l>dioxan-2-one. Tins is dissolved in 
ntethanol and hydrQgcnated under pressure to give fee 
Smnmo compound which is acylated wife dodecanoyi chlo- 
ride to give fee product 

EXAMPLE 14 

Preparation of 5-Aniino-5-undecyl-U.dioxan-2-one 
2-Nitro-2-nndecyM3-pn)panediol is treated under iden- 
tical condmona according to fee reaction sequence outlined 
under Example 13 to give fee produa 

EXAMPLE 15 
The following analgesic gel is prepared: 
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aibopol94] 
Didoreue Na 

Dntopropfiooilaaioc 
Ditsajnpyl Bdiptle 

Wascr 



IS 
I 

35 

1.B 

5 

2 
53.7 



EXAMPLE 16 
The following cream fonnulafion is prepared: 
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iKMOtfasdc dinime 
Olycenl CDOflOsteajate 
BolyoxyetbyieDe steante 
C&^8 &ny add esten of a 
glyeeral etbaxylsied with afaont 
7 nsles of cflylene oxicfe 

5^Ainiao^^l.3.(3-hepty}).l^.diaaiie 
SoibicActd 

CUncKid 
NaSTTA 



5J 
8 



2 

ai6S 

aos5 
ai 

0014 
005 
7SAX6 



This formulation is efitoive in the treatmem of ftng^na 
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EXAMPLE 17 

The following sidn moisturizii^ fommlatian is prepared: — ■ 
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% 




1 


Oyoerfoe 


4 


Qtricidd 


0.03 




O.QS 


AUiaioio 


0.1 


Bbml9S% 


9 


02eth-IS 


1 


Ximlti^ 8c£d 


1 


*-ftnihiTrtrttiy1Tn>irin]1) M a\tmmim 


a 


Sunscnea <gaBl 


ai 


Water 


81.72 



EXAMPLE 18 

The following fonmxlation for promoting hair growth is 
described. 



% 


B^ooxidfl 


ZO 


Benzyl niootaiie . 


0.5 


Eihaaol 


40.0 


I lA-ITOpiDOaOi 


ao.0 




5.0 


Ethyl oleate 


5.0 




27.5 


EXAMPLE 19 




The foUoving solation fbnnulation is 


prepared* 


% 


Oriieofulvia 


1 


5-Amiao>5«ifayl^<3-hqptj^l3-dioune 


1.5 


Cl2-C15faeasQaie 


5 




0.1 


Etfaftnol 


92.4 
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Tlii5 ibnnulation is effective in the tieatnient of ftmgus 
infection. 



30 



35 



40 



45 



QiodsDycsB Bttc 
ScBvsrt ilcobol. VSJR 
Ethoxylited diolesteio] 

Sotbhin moaoolBiiB 
Po^orbrtB 80, U.5.P. 

5-Aimiu>.5.«thy|.2-<34xiKri>-l 3-<fi< 
SatWnl loindoi^ 
Sodivcn cimtB 
OiciH odtnp #844 
Puzififid 



IjO 
IZO 
0.4 
7.5 
IjO 
3.0 
1.9 
3J 
0L5 
0l2 
67i) 



Tliis formulation is effective in the iTBatment of g^he 

EXAMPLE 22 
Hie following solution fommladons are piepaie± 



A(%) B(«) 



Ofw j u f^i ycf n base 

Sodium bydroxuSe 
IM llydi'DGfalaric scid 
DiiocSuB edentatfi.ZH20 



1.0 



5.AnBflo.5<tfiyl-2<J.hep(yl>.1.3-<fioxaBe 

Puxified waier 

bopnpatul 



13 




OjOTT 






Z27 


OiXQ 


0.003 


OS 


0.5 


IJO 


1.0 


2QjO 


17,73 


77.12 


77.497 



Hxese solutions are effective for the treatment of ache in 



EXAMPLE23 
Tlie following solation formulation is prepared: 



NooQiycia lutfatc 



Hydiooortiiooe 

5-Anifiio.5-cthyl.2<3-hqrtyl).l,3-di<»aac 
Frapylene glycol 



0.5 
OJ 
0J2S 
IS) 
97.25 



EXAMPLE 20 
The foUowiiig dcpilatQiy gel is prepared. 



50 



This solution is effective for the treatment of otitis in 
domestic animals. 

EXAMPLE 24 
The following sunscreen emulsion is prepared: 



55 



pQlaacisn407 I5i) 

Beazyl aloahat ex> 

Dm tS 

5-Mitno^5«ilQrl-2<34iep^l>'I3-diojunB 5.0 

Vater q.t IOOlO 

Sodhtm faydraiide gA to pH 123 



EXAMPI£21 
Ihe foUowixQ cmm formulation is pn^sared: 



FABA 

Bearyl alcdtal 

60 5.Azntoo.5^l-2-(3.1jq)^^).l>dioiaae 
Ptolyettfijtoe glycol 

Lftntrel • . 

Aeetylated lonoilzD 
C12-C15 benxotte 
£t DiUofutipyl adipatB 

Gc^ylttleohol 

Vb^gBQ] 



2.0 
03 
2.0 
9.0 
3.0 
1.0 
05 
5.0 
ZO 
IX> 
U) 



